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CHAP. y. 



M E T A L S. 



M£T ALS are perhaps^ ftridty fpeaking, in« 
flammable fubftances» as they are capable 
of combitiiiig with oxygen ; and feveral of them, 
daring this combination, exhibit the phenom(^na 
of combuftion, or emit light and caloric^ But 
they are diftinguiihed from the inflammable fub« 
itances hitherto cQnfidered, and from every o« 
ther clafe of chemical agents, by certain proper- 
ties,— by a greater fpecific gravity, and by more or 
Vol. II. . B lefs 



a METALS. 

i 

kis duSility, malleability, opacity, luftw, apd 
hardnefe. They are fimple bodies ; in other words, 
have not been decompofed. 

In Gravity f the metals are fuperior to* every o- 
ther clafs of fubftances ; thfe hcavieft foffil, not 
metallic, having a fpecific gravity to water nearly* 
as 4.5 to I ; while that of the lighteft metal is as 
7.3. Their 0//?r/{y is alfo much greater; they 
have even been confidered as abfolutely opaque, as ' 
the thinneft plates into which they can be beat 
without their texture being injured, do not tranf- 
mit light. From the conjunction of thefe 
two properties, arifes another by ^vhich they are 
diftinguifhed,— that^of refleding from their furface 
the greater part of the light that falls upon them, 
conftituting their lii/ire or brilliancy. From their 
denfity, they are alfo fufceptible of a fine polifh. 
Cohur is not a charadleriftic property of J the metals, 
but it is pofielled by them, and ferves to diftin* ^ 

guiih them from each other. 

Tenacity, or the ftrong cohefioh of their par- 
ticles, diftinguifhes a number of the metals, and is 
pofiefled by them in a greater degree than by o- 
iher bodies. It gives rife to two properties, Malle- 
ability 
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"^ ■ 

abilUy and DuSility } the fcHmer being that by 
which they may be beat into extremely thin 
plates, without their texture being' injured— the 
other, that by which they may be drawn -into fine 
wire. Thefc properties, though clofely allied, are 
not precifely the fame, as. they are poffefled in 
difiirent* degrees by the different metals, fome 
being more malleable than others, though lefs 
dudlile. Thofe metals which poflefs little te- 
nacity were termed Semi-n^etals ^ an improper 
4iftindlion» which is now difcarded* 

In Hardnefs^ the metals are inferior to the dia- 
mond, and fome earthy bodies; but they in gene- 
ral poflefs it in ic^ great a degree^, that it may be * 
Hated as one of their diftinguithing properties, and 
the degree^ of it ferve as one diftindion among 
the feveral metals. Art can give them a greater 
degree of hardnefs than they naturally poflefs, 
principally by railing their temperature, and re- 
ducing it fuddenly. Their elaflicity follows the 
fame order. as their hardnefs*. 

f * » 

FuJibiUty belongs to all the metals, though 
there are great * differences among them with re- 
fped to the temperatures at which they are fnfed. 

Mercury 



i 



4 ilETALSf 

Mercury is always fluid at $ny tem^rature, fu^ 
perior to 4fi^ below tp of Fahrenheit, while Fla- 
tina or Molybdena can fcarcely be ^ed by the 
moft intenfe heat. When melted, if the reduc* 
tbn Gff hf at has beeo gradual, they undergo a 
fpecies of eryftallization ; and in nature, fereial of 
iStktm are found in regiilarc ryftalline forias. They 
can Ukewife be yohitilife^^ by heat. 

The metals are better cxmdudors both of cal<^ 
oric and the eledric fluid, than bodies J;;elonging 
to any other cla&, 

Metals are very fufceptible of combinatioq. 

'They unite with oxygen^ carbon, fulphur, {Aof? 

, pfaorus, and with each othe|^; and their oxyds 

f:osttbine with the acidsf, iht alkalis, and th6 

earths. 

' I * 

Of thefe cpmbinati<ms, that with cptygcn is the 
nxofl; important. If a metal is. heated to a certaii) 
temperature' in contact with oxygen gas or aUno*- 
fpheric air, it lofes its brilliancy, tenacity, and 
liardnefs; and is converted into a fubftance^ 
generally refembling in its properties the earths* 
TIus change is accomjianied iffith an abforption of 

pxygen, 
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flotygeil, tnd h nothing but tho G«yd*tk>n 6f the 
metat It w&s formerly t^rmeii Gali^natioti, .i^d 
the produa: a Calx ;-.tenns for which thofe of 
metallid Oxydation and mttaUk Q^yi, h^ve been 
fubftitutcd. It takes place at tWy d^rent de^ 
grees of temperaEurd in the distent metals, and 
ffkh different degrees of f^i^djly ; in feme it i« 
accompanied with all the phenomena of combttf- 
iSon^-^in othen, there is fcarcei^ any perceptible 
emiffion of light ot caloric. Itnin in gen^r^ mcure 
rapid in oxygen' gas than in «|i|nio%)|ieric air« , 

. f 

« 

According to the theory of StaU, metals 'are 
oojDpfbundft of peculiar earths iMCht p^gk^m : ii^ 
that procefi, tlierefore; by whiofa^ when heated, in 
contact with atmof^^eiic aif f dbey. lofe their me^ 
tallic appearance and properdea, heinppofed that 
the phlogifton is dtfengagedr ^Q^ that the fub* 
fiance obtained is the earthy matter with which 
that principle was combined* But this expla** 
nation, like the general Stahlian hypothefi$, 
w^ unable to explain why the prefence of 
the air is necefiary to this procefe^ and ^hy the 
weight of the metal k not dinuniflied bot en- 
l^reafedt 
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O M X T A L 8. 

Of the modern chemifts, B^yen was the firft, 
who from thefe fads was led to doubt of this 
hypothefis; and as he obtained fromfeveral metaL 
lie oxyds py heat a quantity of aerial fluid, he af. 
cribed the weight they gained in fcalcinatioii to 
air which • they had abforbed. Lavoifier profecut- 
ed thefe tefearches. He fhewed, in particular, 
that it is to the abforpticai of oxygen that the 
change which the metal fuffers'is owing : and he 
proved by iictcurate experiments, that what the 
older chemifts tttttktd the calcination of a raetaU 
cannot go on without the prefence of oxygen; that 
this oxygen is abforbed j that the weight which 
the metal gains^ correfponds to the weight of the 
quantity of oxygen which difappears, and that 
this oxygen may again be recovered, in fome ca* 
fes merely by expofing the produdt of the calci- 
nation to heat, — in others, by mixing it previoufly 
with another body, to which the oxygen has a 
ftronger attriadion than it has to the metal. 



The difierent 'metals have different forces of at- 
traction to oxygen, and combine with it with dif- 
ferent degrees of faciUty. Some attrad it at the 
temperature of the atmofphere, crthers cannot be 
combined with it, even when raifcd to the mdl 

* intenfe 
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intenfe heat. It is lingular that the combination 
oS two metdlsris more eafily oxydated than either 
of them feparately . 

The different metals are capable of combining 
with different quantities of oxygen : fame aUbrb 
nearly half their weight, others not the tenth or 
twelfth part. Each metal too is capable of Tari- 
ous degrees of oxydation, always, however, deter- 
minate in each j and at each degree different pro- 
perties are acquired. Changes of colour, in par- 
ticular, mark the fucceffive quantities of oxygen 
combined with the metal; and it is generally from 
their colour, that the different oxyds of the fame 
metal are named. In thefe different ftates of ox*- 
ydation, the force by which the oxygen is retain^ 
ed is different. In c(mformity to the general law, 
that attradion is in the inverfe ratio of faturation, 
it is in general flrongeft in the firft, and weaker in 
the fucceffive degrees. Some metals are capable 
of being fo highly oxygenated, as to acquire the 

properties of acids. 

\ 

The greater number of the metallic oxyds 
when expofed to ^ heat fufficiently intenfe, are 
fufcd; and, inftead of 'retaining. the opacity of the 

metals 



/ 

metaist form ft t>erfe<a gUfs. Thtre mt : fome of 
them, however, whkh when heated tO' ignitioii 
are decompofed, and f)art with their oxygeti. O* 
thers part with only a certain portion of it, and 
remain in the Itetc of oxyd. Thofe which have 
a iifll ftron^r attradion to their oxygen, may he 
decompo£sd by heating them with other inflam-- 
mable bodies, particularly with thefe contaimqg 
carbon J the carbon attrads the' oxygen, forms 
carbonic acid, and the metal is obtained in it& me« 
tftllic ftate. This operation, in the language of" 
chemiftry^ is termed Redudion. 

Befides the oXydation which metals fv&x by 
expofure to atmofpheric air, or oxygen gas, they 
may be made to iindergo a fimikr change^by ex» 
pofing them to the adtioii c£ fiibftances already 
oxydatedj and from which the oxygen may be 
transferred. 'Hiey may thus be oxydated from 
the decdmpofition of nitrat of potafh, or oxygen- 
ated muriat of potalh, of acids, or of water. 

When a metal is expofed to a red heat, with a 
quantity of nitrat of potafh, it is rapidly oxydated, 
and, in general, a large quantity of light is given 
out J fome require to be ralfed to a higher tempe- 
rature 



Mtittt thsot ot)itfs ; add tbece are t)uree»^ pUtinat 
gold, and filver, — which are not ozydgted by this 
procefs at tny temperature^ By mere tritutation 
with the oxjgfj3ak%ed murmt of potafli, as has al- 
ready been remarked, the metals are oxydated, 

with deflagration or detonation* 

Thofe metals which have a ftrofiger attradtion 
to oxygen than hydrogen has, may be oxydated 
by decompofing water* The ozydation fi:om thii 
decompofition goes oti even at the commcMi tem-^ 
perature of the atmofphere, bnt very Howly ;. at 
the temperature of ignition it is rapid, and is e- 
qualiy fb at low temperatmes, when promoted by 
the difpojGing affinity of an acid. 

Metals may likewife receive oKjgm from acids. 
The nitric and oxygenated muriatic acids part 
with oxygen with great facility to the. greater 
number of them ; and the' fulphuric is likewife in 
general partially decompofed by them, efpecially 
when the attradion of the metal to the oxygen is 
promoted by a high temperature. In other cafes, 
the fulphuric acid enables the metal to attrad oXf* 
ygen from ^e water with which it may be dilu- 
. VoLaiv -, C ted. 



10 . METAIS. , 

ted, and the muriatic adSs upon them by the: fame 
operation. 

When a metal has been oxjdated, it acquires 
an attradlion to the acids, and becomes capable of 
combining with them. Hdnce, when an acid is 
poured upon a metal, the iiril effedt is a de- 

compofition of part of the acid or of the water 
prefent, fo as to oxydate the metal ; and this oxyd 

' combines with the remaining acid, and forms a 
perfeft foliition. Or if the metal has been preyi- 
bufly oxydated, the union of the oxyd with the 
acid takes place with facility. No metal is capa« 
ble of diredly combining with an acid ; it muft 
always be firft oxydated. Although it owes, how- 
ever, its capability of combining with the acids to 
oxygen, a certain degree of oxygenation is necef- 
fary for this purpofe. In many cafes, if a metal 
is faturated with oxygen, it is infolublc in the 
very acid in which, when lefs highly oxydate 
ed, it is eafily foluble. Hence metallic folutions, 
when expofed to the atmofphere, frequently be- 
•come turbid, and depofit a -quantity of oxyd, 

/from the metal having attrafted more oxygcn» 
Hence alfo, when a metallic folution is heated, a 
limilar depoikion takes place, from the metal 

being 



T>eing able by the heat to decorapofe a frelh por- 
tion of the acid, and acqujire more oxygen. And 
laftly, from the fame caufe, feveral metallic oxyds 
are infoluble in fulphuric, nitric, or oxygenated 
muriatic acid j but diflblve in the fulphureous, ni^ 
trous, or muri^tic,-r.thefe latter abftradting a portion 
of their, o^^ygen, and thu$ rendering them foluble. 

The combinations of the metallic oxyds with 
the acids arc of a faline nature, poffefSng certain 
general properties, fimilar to thofe of the com* 
pounds formed by the aciijs with the alkalis or 
earths. When the agid is fuUy faturated with 
the metallic oxyd, its aqidL powers; are loft, the 
combination is in general foluble in water, and 
may be made to cryftallize. From the analogy 
of thefe to the i^eutral falts, they are termed Me- 
tallic Salts, and the f^me nomenclature is ufed 
with refpeft to them. Thofe formed by the ful- 
phuric acid, for example, are termed Sulphats ; as 
' fulphat of iron, of copper, &c. In &ndL proprie- 
ty thefe ought to be termed Sulphated Oxyd of 
iron, &c. ; and the fame nomenclature ihould be 
ufed with refpedt to the others : but the other no- 

^nienglature, for its prec^enefs, is preferred^ 

( 

■ 4 

Metallic 
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Metallic falts can be formed, in which the me* 
tal exifts in different ftates of oxydation/ It is a 
dl^ficiency in the new nomenclature that thefe 
differences of compoiition are not accurately ex« 
prefled* In general it is done from theit peculiar- 
properties ; as, the green and brown fulphats of 
iron, the mild and the corrofive moriats t)f mer« 
cury*' 

IThe force of attra^ohs of the metallic oxyda 
to the acids, is much inferior to that of the aftaliSt 
or earths: hence a metallic folution is decomf* 
pofed by the addition of any of thefe fubftances. 
The earths, potafh, and foda, generally precipi* 
t^te the oxyd, as it exited in the folution ; am« 
monia frequently re-a6ts upon it, partially decom- 
pofes it, or combines with it and the acid, and 
forms a ternary compound, 

A metallic folution may be frequently decom?* 
pofed by the addition of another metal different 
from that which has been diflblved. This is ow*>- 
ing not to the ^ttradion exerted by the metal to 
the acid, but to the attradtion which it exerts to - 
the oxygen contained in the metallic oxyd that 
Wfis diflblved. The latter, bemg deprived of its 

oxygen, 



oxjgen, basomes iofoluble* aiid tfaerefone falb 
down in its metaUic ftate ; the foaatTj acqmris^ 
this oxjgen, becomes capable of combining with 
the acid, and is therefore difiblvcd.^ Sometimes 
the metal precipitated is not et^irelj deprired of 
its oxygen, but only fo much fo as to render it in* 
folttble. * From thefe precipitations it is generally 
fuppofed, that the order of attraflions of the dif- 
ferent metals to oxygen may be inferredr-'the acid 
being cdnfidered merely as the vehicle by which 
they are allowed to operate. It is probable, how* 
erer, that the acid will modify thefe attradions, 
by its difpofing affinities to t^e ozyds* 

V 

The different acids have very difTevent degrees 
of attraftion to the metallic oxyds ; and hence, if 
a metal is diffi>lved in one acid, it may Aeqaently 
be decompofed by the addition of another,-^the 
acid added exertiqg a ftronger attradbn to the 
oxyd, than the one does with which it was cotn<i> 
binedt 

The metals do not feem to be citable of com« 
bining, either in their metallic^ or oxydated ftate, 
with hydrogen or a^ot. Some of them enter into 
ipombinatbo. with carbon, and the greater immber 

of 
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of them with fulphur. The alkaline fulphurets 
are likewife capable of diflblving both the metals 
and their oxyds ; and thefe oxyds alfo combine 
with fulphu^ and with fulpburated hydrogen. 
Thefe combinations of fulphur with the metals are., 
lingular^ as prefenting phenomena fimilar to thofe 
of combuftion. They take place at a tempera- 
ture not much higher than that at which the fuU 
phmr ;nelts ; and at the moment of combination, 
light and caloric are extricated. It remains un- 
determined, whether thefe phenomena are not ow- 
ing to the oxydatlon of the metal by the water 
which the fulphur may contain, its previous union 
with the fulphur enabling it to decompofe the wa- 
ter with more rapidity -«. or whedier they may not 
arife from the mere combination of the ^phur 
and metal, the light being extricated from one or 
both of them, and the caloric being evolved iij 
confequence of a change of capacity, 

Phofphorus combines with the metals forming 
metallic phofpKurets, which in general retain a 
confiderable fliare of the metallic fplendour. — 
Thefe combinations are moft eafily effefted by 
expofing to heat a mixture of the metal, phofpho- 
ric acid, ap4 charcoal,— the parbon attra^ing th^ 

oxygen 
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oxygen of the acid, and lihe phofphorus, when 
reduced, combining with the metal. 



The . metals are capable of combining mfh 
each other by fufipn. Such compounds, in the 

new nomenclature, are . termed Alloys. They 

always . pofiefs the metallic properties, but difier, 

often very confiderably, in their fpecific gravity^ 

hardnefs, tenacity, fufibility, &c. from the fimple 

metals of which they confift. In thefe combina- 

tions, very dif&rent forces of attradion su'e exert* 

ed by the different metals : fome cannot be com-. 

bined, and others, when combined, can with diffi-- 

culty be feparated. 

The metals exert no attradlion to the earths: 
the metallic oxyds combine with them; and form 
coloured glalTes. 

I 

1 

The metals are found in different dates in na^ 
ture. When in their metallic ftate, or when one 
metal is combined with a portion of another, they 
are faid to be Native ; when combined with other 
fubftances, they are Mineralifed, or in t\ie ftate of 
Ore. They are thus mineralifed by oxygen, fuV 
phur, oxyd of arfenic, and the different acids, — 

particularly 
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particularly the carbonic, muriatic, fulfhuric,^anil 
phofphoric* 

In («def to render«he defcriptiotis df the metals 
and their ores more precife, the moft ftiiiaflg char- 
aders by which dicy are difcriminated hate been 
tendered ttore appK^friate, by €xpreffing their 
degree* in numbersv than th^y could be by any 
other mode of expteffion. The following are thofe 
affigned by Kirwan, and which are wferwd to ia 
tiie following dcfcriptioni. 

OfLullteithcreare54*gree«t 4. denotes the 
ftrongeft, fuch as that of diamond and poWhed 
ittctars J 3 denotes a weaker, fuch as that of cryf- 
tals or metals not much poKfced ; a. dwiotes a 
ftill weaker, as that of §&, or ftiU left gla% 'y 1. 
when only a few particlea reflea atty Ittftsc, or ^ 

when it is exceedingly weak ; ©, duU, lefleabg | 

no luftre at all. ! 

Of Tranfparency there arc likewife 5 de- 
grees : 4. denotes- that degree whifch allows objeas 
to be clearly diftihguilhed ; 3. that which fuffers 
objedls to be perceived, but not diftinaiy; 2. that 
whith. tranfinits light, but does not permit objea« 
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l9j)»-4ffi^em^; z* that wl^^b -tciiOiiiuts ^^ 



l)M!fln«(^» 4>ut 3«t Aich ai,yie}]|8 to t)i» qj#j 5. 
(tet ,!iid^^ «ffl aot )»«U tq tlia Miil,.but.^iay« 
«qd;wi|fe9«tigfflttyigKto the knife} 6.-tliBt wU^ 
^yf«i4l J^ «iw»t.*fi?aaligrt©i^;tejifc; 7. tj^ 
which i'eatcely yields to theJkiH&i & ttiat w^idl 
cannot be fcmped by the knife, but does not give 
firemtkfteel; 9« t^t which igivescL few feeble 

jyiiVl^ly %«d(S4 

'fhe teittut i^^i^MffiQg tlie other prc^ertiet rof 
^W&sik^M hvmssc^Saj to natke» as they ate 
Aot <ac93Ee&d In rtiii$ .arbitrary iBan]ier4 They am 
..afwurtte^ d«&i^ ^ Mr* £dr»r«L 

TM |ft<Bft^l«:ftnd: thehr ores are ^tierally fbundi 
la the <^yil|e$<or crevices of rocksy fpmiing what 
are termed Veins. The metaBk matter is veiy 
generally incmfted and intermingled with fomp 
e^hy matter different from the rock in which the 
vein is fituated : this is termed its Matrix. To 
Vol. VL D obtain 
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obtain the metal, the matrix is feparated by pounds 
ingy wafhingy and other mechanical contrivance^^ x 
or by fufibn. If it is in the ftate of ore, and is 
mineralifSSd by fulphHT, oxyd of arfetiic, or fome 
of the acids^ itis roaftedtoexpel thefe fubftatures ; 
is reduced by fufing it in contad: with the burn- 
ing fuely-^and the metal thus^btaified is-piiiified 
from' other ibetai^ ^hfeh may 1)e«iiced-'#iih 
/by various procefles ; as, repeated fuSoii, atnalga* 
•Irnation, eliquatiori,&c. ' ■ 



• .. '. > 
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^ The metals, which amotot to 2ri, dSftinguifiied 
by' peculiar ptoj^rtie^ hate beei^'^la0^d'mider 
feveral divifions^ as Noble or Perfect metals, 7m- 
perfed and Semi-metals; mettle oxydate4;by 
heat, and not ojsydabk, add^able; :flec. Thefe 
diviiions are 'imperfect, and are entirely unna^ 
fary. They may merely be ati^i^nged, fo ttet thcrfc 
which in their general propel-ties have the greiEit- 
eft refemblance may fueceed each other, begin- 
ning with thofe that poffefi ih» tte' irfeft eminent 
degree the peculiar rnetalliepropeirties^—i: gravity, 
tenacity, and luftre. .1 i 
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./ Ts^i 4 metal has beea found 4>nly in the miocs 
of Peru* intennixed with gold. It is found in a 
ofU^ve ftate, in the fiurm of fmall grains, which 

4 

cpnfilt of pla^na alloyed with a portion of iron, 
and mixed with yarioiis ingredients. When freed - 
liom tbefe. Its fpecific gravity is equal to i6oo. 
When {lurified from this inteimixture, fo as to 
be no .longer magnetic, it has a fpecific gravity 
cqUal to 20.98, or, whenhanunered, to 23.66 •-» 
and is tharefore the heavidt body ezifting in na« 
tuee ; its colour is white ; lu^» 4* ,w)uch does 
loot tamiih on expofiue to the air; ;t is dudtile 
fKnd maUeabk, its l]fardi^is is y,^. 

• ' *■• ' " ' ' 

. This mf tfd cequtfes a very iiitenfe heat for its 
^fufion 'f it cmnot indeed be- mel^d in the moft 
powerful furnace, but only l^y the fire urg;ed by ^ 
ftream of oxygen gas. It poflefles the property 
of melting, or foftening at a temperature much 
ipferior to that necei£iry to fufe it, fo that two 

pieces 
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pieces of it may be joined by hammefing, a pro^ 
perty poflfefled only by it and iron. 

Flatina i^ not oxydafed by expofure to atmo- 
Ipheric air or oxygen at any temperature ; nei^ 
tbcT is it altered by water, or by any of the acids, 
the oxygenated mnriatie and the mtn^rmimatic 
eiecepted. Tbefe part with oxygen fo esSiy^ 
that die pktina is oxydate^ ; its oxyd combiner 
with the munatie acid, and, by eraporaticm, eiyf-^ 
tab crf'muriat of pktina are obtained* 

^IlkiSvis ihe only faline combination of this 
metal, the properties of wMcfc hare been examin* 
ed. It appears that the phtina exifts in the folo- 
tion in two ftates of oxydation. On adding pot^ 
afh to it, a procipitate is ibrmed, wfaiehis tr triple^ 
componnd of the aScali, acidf ^^ platina, IngUy 
oxy dated ; it is fparingly fohibfe in water, and- of 
a ialine nature : *- when more potaih is added, ano- 
ther precipitate is thrown down, wfaaeh k iitt ia^ 
perfbd oxyd of platina* Ammonia a& in % 
flmilar manner on the folution ; and the muriat 
of ^mmonia Ifltewife forms a triple compounded 
perfeft oxyd of platina, muriatic acid, and am- 
jboma, w|iich, being infoluble, is precipitated. By 

this 



- 
1 



dition of munat of anfimonia to ita iblotiim^ flflSiiia 
is diftinguiihed from eyeiy other metaL Soda 
and lime precipitate aalj the impeifed ozyd. 
This oxyd is of a yellow cdonr, is tafteleis, and 
inioluble in water ; it is reduciblet % j heat, and 
is foluble in the greater mimher of the adds. 

VtaAim does wt comhtoe vritfi caihob or wi^ 
fidplrar. 1^ uniiea with phofplnmB ~ the oooi^ 
]KHmd letuns the metaffie loftie ; is hdttle, haid^ 
andibfible. It is deoompofed by heat ; and dw 
decompcAien has been cmpbjed as a method oC 
bbtaia^g the plttma finee ^nom ifop « 917 othff 



Wilfc the ofiier metak, or at kaft with the 
greater part ef them, pktma niiites by fhfioiu 
Of tfaefe aBoys, that with copper is the moft Tain. 
able, as il is fefi^cptilrie of a fine poUOu aod does 
Bot tanaOi on expofwe to the a^. Itdoeaoot 
mnalgamate with meivury, 

natina is. valued for its gieat haf>(fy|rfff and 
infoAffi^, and ftr its not beii^ tamifhed on 

expofme 
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expofm^ to the air. It is principally yfed in the 
conftmdion of cheniical veflfels. 



I wi^mam*^ 



Sect.H. ^ ^ Gold. 



nrx 



: This is efteemed the moft valuable of the tnetals, 
en account of its great gravity, dui9ilit7,n»JleabilU 
ty^ and luibre. It is found native ; never, perhaps, 
perfefUy pure, but combined with other metab 
io a difieminated, compad, qr cryftalHzed form, 
or in grains. It has likewife been fuppofed, that 
it is mineralifed by fulphur and arfenic, and by 
antimony : but mineralogies are in general agreed, 
that in ores which have been fuppofed to be of 
this nature, the gQld is not combined with any 
mineraliier, but is only alloyed with fome other 
metals," principally with filver, copper,' iron, and 
telloiium, tbefe alloys being frequently mixed 
with other ingredient^. The principal ores of 
this kind are the aurtm graphicum^^ and the grey 
^nd yellow gold ores of Nagaya. Thefe all oon«^ 
t^ the newly - difcovered metal tellurium. 

Native 
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Native' gold, when loofcly inte^^^idLia any 
matrix, or mixed with fand, maybe in ^a ^MKt 
meafure freed from the foreign fabflances with 
which it is mixedt by placing^ it in* a ftreatti of 
water, which carries them off. The metalKc 
refiduum is tci^Kated with i-ioth of its weight 
of mercury, until all Hoe particles of gold are 
diffolved : the mercuty is diftilled 6ff, and the 

gold remains. When, it is contained in^ crthor 
oi^s, the ore is roailed, to expel the: iiilpliui; aod 
ai&Dic ; and the gold is coUedled by waihing and 
&King tihe remaining ore with lead, with/which 
the gold combmes, and from which j£ is freed by 
lihe .{mxrefs^^termed Cupellation. >. ^ This pxpceiBV is 
eveti neceflary to obtain gold pure, which has 
been obtained by amalgamation with mercury^: 
It confiAstn cdohkiing the. gold with a quamity 
of lead, ; and expoiing the alloy to a melting heat 
in a veilel termed. a Cupel, formed of bone afhes, 
.«aiid,iextrem0ly pocoiis* The ^lead is oxyd^ted, 
4tiid.tbe oxyd vitrified;, it fink$ into the cupel, 
jiod-leate^ the gold' nearly pure. It can coiitmn 
<mly fflver, which is feparated by the fplvent 
power of tjie nitric aoid, fonning the. operation 
termed Qljfartation, or- Parting, ... , 

Gold, 



Ciold wkcari pure is of a nch ydlow ocdotir; 
lb Inftre, which is eqoal to 4. is aot impaired bj 
clkpofuie to, spur or ^Doifture^ its ipecific gravity,^ 
ffom i9i>30 to 1^.64 } its liaTdne&6; its duSili^ 
itft) *Co0iid4ltible, that a wit|^ of ^iTipth of aa hv^ 
in diameter fupports^ withoiK breakjlfig, ^ we^i»t 
ef.506 £bs. lo im^abilit^ k is fupetior tp eFergr 
other nvetal } otie gtain of it jtiay he ioiad^.to tmM 
% ipsce of 56^iiare indies^ And it can be extfeiid** 
id it tiipes note than this* 

Cold melts ^at yi of We^R^wood's di^itliQitie* 
tar,4Uidl>7 ah mtenfc* hott, as lliac of a mirror,. lis 
iro&tilifed unchang^* It is itiQapat|i[p of o^yd^ 
tion fn9matmo^eIicaii^dr:a&ygen fas,at any tem^ 
peratnrr^at lead any wl»ch afurbaceisaa yidid.; 
iieitl]^ does k fu&r this chainge Irom ji^trat i£ 
potaft. 

lis attrai^iofl to oxygen is fd weak, that it fife- 
tvife » incapable of decompofing, any of the. acids^ 
the oxygenated muriatic acid excepted. This, id* 
tfacr puise or as h exil^ in the nitiD*muriatic, a& 
fords it t»cygen ; and the fdution of the metal 
proceeds in it with confidecable rapidity. The 
faturated folution is of a rich yellow colour^ and 

is 






h Ui^ coorafivc^ &ir eva^mtion it ai5rds 
)f!dikw deUaoefcent crjrihk of miHmt erf* gold* 

Tlie fixed a^califl» litne. dad xM^tiefii^ de. 
fconqiofil iburiat of fg^M^ hy attm^litig its add ; 
ta oxyd is thrbwn dam^ tiE a^ peOow eo|tair« 
Kfaicb cantaiffB vet]r littk oaqrgea, and wliidi 
fKts witb it when ^ated to ignition. This oMyd 
is fi:}uble in t^ nkiicr fulfhuric^ asd ievvi^i 
0tlief«Gids« 

AnUttoiua liki^Wife dficompofe&invinat ti£ gold^ 
and throws dQWu a precipitate, which is not, faoww 
ever, a pure oi^y d of the metaL It is diftinguifli^ 
ed by the piopexty of fulminating with the gtcasb^ 
fft victence irom fn&km^ or fix>Bi bdng geotlf 
beatedi and fm hence been termed Fulminating' 
gold. Berthollet ha^ ihewn» that it is a compound 
of ammonia and oxyd of gold. When heated, 
the oxygen of the oxyd combines with the hy- 
drogen ci the ammonia, and forms aqueous va- 
pour*^ the azotic gas is difengaged ; and to the 
rapid extrication of thefe heated gases^ the violent 
detonation is owing* 

Vol-. Hi E Muristt 
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Muriat of gold is decompofed bj the greater ^ 
number of the metals > thefe having a ftronger 
attradion to oxygen than gold has. Copper and 
iron throw it down in its pure metallic ftate ; and 
the other metals precipitate it in the ftate of a 
purple oxydy containing a fmall proportion of 
oxygen.. The precipitate by tin, termed the 
Purple Powder of Cafliiis, is ufed in enamelling 
,^Dd. Qqlputing glafs. It is sdfo precipitated m its . 
nietalUc form by fulphat of iron. The volatile 
oils or the ethers, added ,to the folution of mu- 
,riat of gold, attraft the oxygen of the oxyd, 
and the. metal is diffufed through the liquor in 
particles of great tenuity, communicating to it a 
richt yellow colour : fuch mixtures have been 
termed Potable Gold, taftly, the muriat of gold 
is decompofed by the alkaline fulphurets ; the 
alkali uniting with the acid, and the fulphur with 
the oxyd of gold/ 

This metal, in its metallic ftate, is incapable 
of uniting witk .fiilphur^^ but it combines with 
fulphuret of potafli. This compound is obtained 
by fufing equal parts of fulphur and potalh with 
I -4th part of gold ; it is foluble in water, and is 
decompofed by the acids. It is alfo capable of 

combining 
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combining with jphofphorus, forming a white, 
)l>rittle, and fufible conipaund. 



Gold forms aIloy« with the greater number of 
, the metals. The compound with platina retains 

confiderable dudility and fpecific gravity, but is 

" •. . . j^ 

deprived of the golden coloor. With filver, it 
forms an alloy of confiderable dudility, of a pale 
yellow or green colour. Cop|)er heightens its 
colour, and, without much impairing ks du(£lility, 
readers it harder; and hence an alloy of this 
kind lis generally ufed. when gold is fabricated into 
plate or coin. Tin greatly impdrs its tenacity. 



• ! 



r Gilding is an art by which gold in thin leaves 
is applied to the furfece of other metals, or of 
wood*. On the latter, it is Gx^d by an adhefive 
glue ; on the former, by various means, but mod 
completely by an amalgam of it witn mercury, 
Jhc mercury being afterwards driven off by heat. 
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This refembles the preceding metals ip not being 
oxydated b; bei^t.; it is pext to gd^ io loaBtal^ 
lity and diidUlity; its. luftre is alfib piwAy^tbf 
fiune, but is tarqiihed on expofure to, (he ^r^ not 
from oxydation, but fro^ the ppers^tiou o£ animal 
^uvia, probably fulpfanir^ted bydrogeiu $tt coloiir. 
is white. Specific gravity^ 10.55 1 lM^^4P^9 ^«j^ 

S3yer is found both Qatit^ft an^ m^ieiidifedv 
XTative filyer is always al^y^d with ot^t^ i^mud^^ 
it OCCULTS ciyftalUzed| compa^i and ipteifpetfed* 
It is mineralifed by<:oxygeQ, fulphiir,; 0xy4 fi 
arfenic and of antimony, muriatic atd . f^friNnw 
acids, forming the 'v^itreou^ {md vfd Siifmose$^ 
the arfenical filver. the horn filver, &c« There 
are many ores of other mentals, as the fulphuret 
of lead, the grey copper pre, and others, which 
CX)ntain filver in fmaQer.quitntity^ yet. often fq 
much of it as to render it an objed of iinp^rtance 
tpejtraait. 

SUvcr 
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Sliver, wiiea i^tive, is fi^xwatied fixna t&e ore 
by poundiBg, Mndbmgi «nd amalgaiqatiai wi]% 
jwercuiyj wkpa imoen»|ifod,. k H pji^aa. ai4 
IWed with cbaicoal an4 iniR : tiie fiirer obtaindl 
i$ freed, by cupeUatwn, feofa ^ ine^*^d^ 
wbich if: is»cpm^edt 



I- 



Silvepi»fnfcd at ^ iJegr^ of W^dgewoqd'g 

fialer andaaay be ridatiitfed |>y afl tnterfe hMt, 
It caa hardly be Qxydated at ?ny tempera^nre ^ 
»to©f|>hmp aw: the ^&ac difchaige tpmfeii^^ 
ted over fiiyer leaf ia pap^We, ftowcr^r, <rf apg& 
gating and vitrifying itj 

Sevqal of" the acids i^id it oxygen, and 
diflMve k : fulpharic acid does fo when afliM 
with a baling heat ; a folphat of filvet is for^ 
very fparingiy ibhibje in cold water, birt whicft 
can be ^fiUved ia boiling water, fo that <he 
folution, on coolmg, affords minute ciyftals. Th< 
wtric add, even in the coM, oxydates, and di£; 
iblves the metd with rapidity, nitrous gas being 
difengaged : the folqtion is eolouilefs, and, wheq 
Saturated, aS&rd* white Ifoliated cryftals, very fo, 
luble in water. Thcfe aie fiifed by heat, aa4 
form the pharaiaceutical preparation tenned La^ 
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liar Canftic. The munatic acid does not aft up,« 
0n filver in its metallic ftate, but it exerts a flrcmg 
attra&km t6 its oxyds, and attrads it; when addr 
cd to the nitrat of filver. . The muriat of filver 
js njearlj infoluble in water : it is fufed by a^ mo- 
derate heat into a perfed glafs, partly flexible, 
ajid even malleable, and which has hence been 
named Imtm cornea. This is depomj>ofed by heat, 
and the pureft filver is obtained from this decpm'' 
pofitiopy a imall quantity of potafli being added 
to facilitate it. . Thefe ialts are blackened by exr* 
pofure tQ lights from q^ partial redudion of the 
pxyd pf filyer. 

As the alkalis and earths have a ftronger aU 
tfa£Uon to the acids than the oxyd of filver has^ 
they decompofe the falts that it forms. Fot^» 
foda, and liiQe, throw down an oxyd of a brown 
colom^ which is reducible to the metallic ftate by 
heat alone. Ammonia tbrotvs^ down a black pre- 
cipitate, apparently differing from the former in^ 
containing lefs oxygen. It poflefles no fjpdminaN 
ing property, like the pirccipitate by ammonia 
from gold. A fulmioafing prepatati<mt however^ 
much more powerfol even than the aurum fuU 
mmans^ may be obtained by a particular procefb. 
By adding lime water to the nitrous folution of filr 
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ver, an oxyd is precipitated, which is dried bjr ex^ 
pofifre to thfe air, and then ftirred in the watery 
{oluUdh of ammonia : it is thus converted partly 
into a black powder, and partly into a cryftafline 
matteri either of which detonates with the iitmtoft 
violence on the flighteft &i£Uoh, fo that a minute 
quantity onl^ can be made at a title with &&ty, 
and this cannot even be removed from the vefiel 
in wMch it is prepared. The detoteticb s n^ 
^6ubt to be abfciibed to the hydrogen of ^he iasu 
ihonia fudddnly combining ; with the oxygen of 
the ' metallic dxy d, and forming aqueous vstpoiir, 
wfiich is difengaged along with the azotic gas ; 
the elafticity of both being augmented by. the 
caloric likewife let loofe. No explanation has 
been given, why its force 'is fo much, greater 
. than that of the fulminating gold j but it is pro- 
biKly owing*to the filver in the ftate of oa^d'fiton- 
tainirig a larger proportion of oxygen than the 
gold, and to this oxyd combining With a larger 
proportion of ammonia ; and hence, in the' fudden 
combinatioii, more aqueous Vapour and azotkr 
g?i.!j wiil be ' difengagedl 

' The' greater number ^f thd metals precipitate 

filver in its metallic ftate ifrom its acid folufion^ 

^ ' ' ■ \ Copper 
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Co^fet h &eqxncnilj employed in dus vAomst^ Itt 
Qnder to obtain pure filver. When mercoxy i$ 
liied to iepftrate it, when the (tfrecipitatkHi is 0ow« 
}y condttftcd, the filver aflliniea a ciyftalline ac* 
mopstntxitf at kind of arboidbenee^ 

Silver combides readily with fulphur by fiiiioD, 
forming a brittle and &fible compound, of a blue 
or WsidL colour^ it is aUb capable of combining, 
both in its metallic and oxydated ftate^ with tho 
iiilpbaret of potafli or foda ; and i$ thus rendered 
^bible in water. By adding to this compound an 
9cid| it is decompofed, and a compound of oxyd 
of fdver and iiilphurated hydrogen is fibrmed.— t *^ 
With fdiofphonis, fiker- forms a white and brittle 
coflftpound, which is decompc^d by heat. 



This metsd liters into combination i^ith the 
greater number of the others^ With gold, it 
fixxna what is termed Green gdd. Co]^r ren« 
ders it harder iivithout mUch impairing its dudili- 
^ ; «nd foch an addition b commonly made to fil* 
ver ufed as coin pr wrought into vdBfels. By cu« 
pellation, filver is freed from the other metals with 
which it may have been united, gold excepted^ To 
free k from this metal, it is delved in nitric acid, 

which 
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Which leaves the gold undiflblTed. Muriatic add 
is added to the folution, which combines with th^ 
filvcr^ and leaves the copper, or other metals that > 
may haVc been niixed with it^ diflblved. The 
muriat of filver, after being dried, is mixed with 
an equal weight of potafh, and e^pof^d to heat ; 
the metal is reduced ; and in ihls way the pureft 
iilyer may be obtained* 

SilveV, aihalgamkted with mercury, id applied 
to the furface of copper, or other nietals ; the 
tnercury is afterwards driven oflf by heat, and the 
filver remains adhering^ to the furface. 

' ' • s 

The folution of filvet in nitric acid is of much 

♦ • - • 

Ufe as a cheniical teft to difcaver the muriatic knd 
jTolpbarie acids« 
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(^Ka^su.TXR, or Merciujt djflEm fin^ai thj^ IH^ ' 
ing metals, in being ox7difiaUe.in atino^Jimc «k 
at a Iiigh temperature ; but it refembles them 
in its oxjds, being reduced by hesit. It is dif« ^ 
tinguifiKd from every other^ by its fluidity at 
any common natural teniperature. At 40*^ below 
o of Fahrenheit, it beconies folid* 

Mercury is found native, in fkofiiil g!k>bules ap- 
pearing on its ores, or even on other &ffils in the 
mines of thefe ores, and alloyed with different me* 
tals, particularly iilyer. It is found in greater abun- < 
dance mineralifed by oxygen, by fulphur, and by 
the fulphuric and muriatic acids. With oxygen 
it forms the Hepatic ore, which is fuppofed to be 
native oxyd of mercury with bituminous matter, 
frequently mixed with fulphuret of mercury 
, and oxyd of iron. With fulphur, two kinds of 
ores are formed ; the native Ethiops, and native 
Cinnabar. The former is more rare ; its colour is 

black, 



black, without itiftre or tranfparency ; it k of k 
loofe confifterace. Cinnabar occurs maffive vltA 
cryflallized ; is of a red colour, with a luftre in the 
iMffive ux., in the cr^ftalUzeil,i.3. ; tran^alreQcy 
in the latter i^^.; axid hafdmCs vtrf ing fhim 3. to 
8. It yields from 35 to ^t of qufckfiiter. The 
Horn qukkfihrer ore, whidi 16 titet with fai iaxaSl 
cryftak, or forming an incriiftation on ^^innabar ^ 
18 the oxyd of the metal combined ^i. fulj^utic 
and muriatic acids, the propenrtk>tts c^thde VSiying. 

Native mercury^ or any^ of its amalgams, is 
merely expofed to heat in clofe teflek to obtain 
the metal. When combined with fulphur, it is 
Iteated wifSh one third of its weight of i):on, which 
ftttra£ts the fulphur, and the mercmy dHlils 
over. ' 

Quk&lilvlsr has a fpecific gravity equal to 13.6. 
Although idttid, its opacity is equal tq that of any 
fsrther metal } and its furface, when clean, has con- 
fidetable luftre^ ' When rendered folid by a re- 
duftion of temperature, it pofiefles both du£tility 
and malleability. In beconung ibUd, inftead of 
expanding like other nietals, it contracts. . Expof- 

ed 
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ed tQ the temperature of 600^ or 550^ it is volih 
tilifed. / 

At a temperature nearly .the faipe as that at 
which it boils, mercury is capable of combining 
with oxygen : wl^en heated to that point in conta£^ 
with atmofpheric air, its luftre is dxminiihed, and 9 
l^ed fp^rlcling powder is flowly formed* which is tfaq 
pxyd of the m^tal. Jt contains in the hundred 
little more than 7 parts pf ojygcsn ; on qxpofur? 
to a low red heat, the oxygen is expelled. Mer* 
cury can likewife^ be Qxydated by fri<%on or a-* 
gitation, at the common temperature of the aff- 
mofphere ; at leaft it pan thus be conyerted ifitp 

a black powder > and Dr. Prieftley foynd th^t 
during the prpccfe the pxygeq of the ^tpiofpherip 
air is diminifhed, and that the powder may b^ re^ 
duced to running mercury by expofing it to heat« 
This p;syd i? fonnod mpre readily when the metal is 
triturated with any fubftance capable of diyidiiiig 
it inore cpmpletely, as any undupus or yifcid mat 
ter. It muft contain lefs o:$ygen l3^n the red 
oxyd. Both are ufed in medicine, and the latter 
I? fl^e bafis of feveral preparations. 
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The greater number of the ftcida aiSt upon mer# 
cury, or are at leaft capable of cjpmbining with its 
oxjds. 
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Sul^unc acid fcarcely a&r ppori it, but.whea 
concentrated and aflMled bj heat l- itris. then m 
part converted into fulpfaureous a^cid; by the metal, 
attraatng its oxygen ; and the oxyrf^^ comWpcs 
With the portion of fulphuric acid not decompo* 
fed* This fulpbat of mercury remains in the 
form of miiiute cryftals. There feem to be two 
falts of this kmd ; one, confifting of the perfeiJl 
o3^ with an ei^cefs of acid^ which has a four, 
tafie^ is very cai^c, deliquefcent, and (obible in 
water; the otfair, cf the imperfedl oxyd, combined 
with leis acid» is a neutral falt» lefs foluble than 
the other, and affording, by evaporation cf its fo- 
lutidn/ prifmatic cryftals. Thefe falts generally, 
exift together in the fame faUne maf^ produced 
by the adion^ of fulphuric acid upon mercury, 
but in different quantities, according to the cir- 
cumftances of the folution ; the formed being pro*- 
duced in greateft abundance when a large quan- 
tity of fulphuric acid is ufed, and the folution 
rendered rapid by a high temperature. When 

the application of heat to either of thefe falts is 

* ■ . . . ' 

eontinued, more of the acid is decompofed ; the ' 

► , - ' ■ 
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iisetal is highly axydated while there h not a 
fiifEkuent quantity of acid to faturate it. If t 
quantity of boiling water is pottred on this mafs, 
it diOblyes the fulphat of mercury ; and the per- 
k& ozyd which is prefent, and wfaicli has ftill a 
portion of acid adhering to it, acquires a lively 

yellow colour, IThis yeUow 0:5yd i^ redviced by 
ctp(^ure to heat, affording ozyj^n a|)d ^ &udi 
portioxi of .fulphuric acid« It is the pharmaceu* 
fical preparation formerly termed Turbitfa Mine« 
ral. Sulphated mercury is decompofpd by the 
£xed alkalis and Imie, and a yellow o^d is preci« * 
pitlated. Afzunonia, in preci^tating this oxyd» 
partially decompofes it; its hy^^rogen attrading 
part of its oxygen, and changing ifcintp a left peiw 
fed oxyd^ of a grey colour^ 

■ - 

Nitric acid ads nipidl[y on mercury; a large 
quantity c£ nitrous gas is difcharged from its de- 
compofition, the metal is oxydated, and combine; 
with the remaining acid. If the acid is diluted 
with more than an equal patt of water, the de- 
compofition is more , moderate, and the metal is 
only imp^edly oxydated* If again the acid is 
is not diluted, or if, wiien diluted, the fohiticwi is 
promoted I)y heat» the metal n more highly oxy« 

datedL 
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da|«d* t^h Qf thefet Gxyil$ oo^iMiM v^h tbei 
mtm acid, and fall;s are fonoied fohiUe invmUHi 
cryftallizable, and extremely cauftic< The di^ 
ference between thefe falts is rendered ve- 
17 evideAt by addmg on aU^^ii, particularly 
siniHiQiBa: &m the ovit, a^ deep grey or bbck 
p]:Mg^ate ii thrown down; from the oidief , ar 
white pcec]pU^te~<UQS9r»iGes ariiipg from the» 
in t))e oxydatiTO of the metaL 



If eii;|i«r of tbdfe coiopwiids be ex|K)fi3d to 
be^t^ a furtbief decooipo&ioa of tb^ acid takes* 
pt^Mce li th^ mercury BttmO^ wMe oacy^n, luid a^ 
largeL qvat&tily of niilrQiac^ gas ia expelled* A redi 
ma& lemMfiSy, of a briUiaht iparkliog appearance, 
which is a perfect oxyd of «iierciKy« ftill retsming 
a finall portion of acid, which renders it corrofi ve^ 
It is what is: te^ed titie Red l!f itrat of Mercury. 

^ The combinations of the o&yds of mercury 
with, the mttic acid, ace decompofed by the alkalis 
afud feyeral of the eartl^s* Either of the fixed al-. 
kalis or lime, add«d to tSm fol^ion made without 
heat, and with; a diluted acid^ throws down a 
greyifh precipitate,, and frow the Mition made 
under the oppofite eircumftances, a precipitate of 

a yet 
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a ytHovf cdlbur ; the alkali in both cafes combi^-( 
iog with the acid^ and feparating the mercurial 
osyd. 

Anukonia everts 6ti the nitrate of mercthry a 
iHore peculiar adtion. Added to that folution in 
whiich the metal is imper£e&iy osiydated, it produ- 
Cts a precipitate of a dark blue Colour, approach-- 
ing to black '1 this is the mercUry in its loweft 
ft ate of oxydation ; it is even lefs oxydated than 
it was while combined With the nitric acid ; the 
hydrogen bf - the afiupdnia attrading part of ltd 
oxygeti in the moment oC its reparation. This is 
t^e aih-coloured ptecipitate of mercury which is 
employed in medicine, as one of the mildeft pre^^ 
patations of the metaL 

When the ammonia is added to that iblution 
in which the mercury exifts,in a more highly oxy- 
dated ftate, a precipitate is thrown do1;vn9 grey or 
nearly white. This, as Fourcroy has afcertained, 
is ;not a pure oxyd, but is a ternary compound 
of %the metallic bxyd with a portion of the nitric 
acid with which it was united, and of the am-^ 
mdQJia by which it is feparated. 
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As it is difBciilt to obtain a mercuriftl fohitien 
!h xjrhich the metal does not exift in greater or 
le{s quantity in botb flates of oxydation, it gener« 
ally happem that, from the addition of ammonia 
to thefe folutions, Both preci^tates are produced— 
the black is firil thrown doWn, suHd idEUrwards the 
white ; and from the liuxture ef thefe, a grey ot 
light blue precipitate is formed* In preparing 
the afli-coloured |)irecip!tate for medicinal ufe^ 
the circumftances produdtire of this mixture 
^are to be carefully avoided ; and by ufing a di- 
luted aeid^ and avoiding the application of heat^ 
that felution is to be obtained in trhich the metal 
exifts moft nearly in the ftate of imperfed oxyd. 



Mercui7 is not a(9ed oil by the muriatic acid^ 
as the xsxctsA is unable to attraft. the oxygen of 
the water preient. But it is diflblved by the ox- 
ygenated muriatic acid, and its oxyds combine 
whh facility with the fimple add. The com- 
pounds thus formed are different according to the 
ftate of oxydation of the metal With the perfeft 
oxyd^ the muriatic acid forms a compound high«> 
iy corrcifive, foliible in water, and cryftaHiiAble ; 
W^th the other, a compound which is, on the con- 
trary, entirely infiprd, mild, and infoluble/ The 

Yoh.Ui G former 
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former is termed the Corrofive Muriat of Mercu« 
ry ; the latter, the Mild Muriat : both are employ* 
ed in the practice of medicine* 

When muriatic acid is added to a folution of 
mercury, there is generally, perhaps always, more 
or lefs of both thefe compounds formed, the quan- 
tity of each Mting proportioned to the circumilan* 
ces "under which the folution has been made, by 
which the metal is more or lefs oxydated. If the 
oxygenated muriatic acid is added, the compound 
produced is principally the corrofive muriat. The 
ufual procefs^ however, by which this is prepared 
is, to expofe to heat a mixture of fulphat of mer« 
cury and muriat of foda, or a mixture of nitrat of 
mercury, muriat of foda, and dried fulphat of iron. 
In the former cafe, a double decompofition takes 
plact, the fulphuric acid combining with the fo- 
da cf the muriat of foda, and the muriatic acid 
uniting with the oxyd of mercury^ in the latter^ 
the fulphuric acid of the fulphat of iron combines 
with the ibda of the muriat of foda, and the mu- 
riatic acid difengaged combines with the oxyd of 
mercury of the nitrat of the metal^ The produ<9: 
in both procefles is the corrofive muriai of mercu* 
ry. It is fublimed by the heat ^applied, and, con- 

denfing 
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denfing in the upper part of the vefiel^ forms a 
hard white cake. This again is converted into 
the Tnild tnuriat^ by triturating it with nearly its 
own weight of running mercury till the globules 
are extinguifhed, and expofing it in a matrafs to a 
moderate heat. The metallic mercury which has 
been added attracts part of the oxygen of the cor- 
roiive muriat, fo that the whole is converted into 

' ft 

the ftate of imperfed oxyd : this is &turated by 
the muriatic acid, which likewife exifled in the 
eorrc^ve muriat,— and thus the mild muriat is 
formed. To free it from any portion of corrofive 
muriat with whiclr it may be mixed, it is repeat- 
cdly fttblimed« 

1 

9 

Of thefe compounds, the corrofive muriat pof- 
fefles all the properties of a fait. It is foluble in 
x6 parts of water at the temperature of 6o® ; by 
evaporation of its folution, cryflals are formed^ 
which are neither efflorefcent nor deliquefcent : 
it changes feveral \ of the vegetable coloun to a 
green: it is volatilifed by heat, without being 
changed : its taile is harih and ftyptic : it is cor- 
fofivc^ end hijghly poifonous« 



The 
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Tht ttSd muriftt his praperties fentihrely oppb, 
fit€. Ic is comptely Infolubte in wiJier, is tiUlel^, 
md mhi in its operation : it is Tolatitifiad by heat; 
^idwhen the &btinmtiQn of it is flowly amdud^ 
^d, a loofe mafs t£ prifiiiEtic ayftals k obtained : 
its fyt(^c :gtjKfiXy is much 'grfeater thu^ dot of 
the oor^¥e mmiat. 



. Both thtiCe ooitipotHids ate ^ecooipofed by the 
l&ali$7 diflEbi;ent pfodofts being pbttined. When 
potaihy ibda, or ^inae, is added to ^ foltntion of ^xe 
cotrofive muriat, 4 jeUow vxyd is imrmB^^Mdy 
precipitated} when ammonia is «dd^ to the 
fame folution^ a white precipitate is formed. Tins 
is not a pure oxyd, but, according to the an^yfis 
cf it by Fm^toy^ is a-ternary'OQBsifauimtion'of^Qxyd 
of usteccury, munattc acid, and jonmonia ^ dse 
pn^pcn^ions q£ its , piindides being &z of the £rft, 
96 ^ the &cofid, and 3 lof the third. St is sthe 
white pi%^i|iitafie of mercury of the pharmaco- 
poeias. 'Ore cacsnnon nvode x£ y iae paii l ig k hy to 
diij^ve eqtial pan^ of <:oradive muriat cif mer« 
cmy and . mprtM: lof amnEK»i«» jn wafter, and i(^ 
the fame quantity of the foiiaftipn of fmi« p<«:afli j 
the potafh difengagcs the ^mmonia of the muriat 

of 



■«>«^ ^J- 



> I 



QjJfCR9II.¥8mt «|5 

/ 

of fttnmoiiia, aad tlus decomlMKfe^ ^inUiiRtof 
merciffy, forming the white precipi^tc 









Wbea either of the fixed a&ali$ or lime k ad«* 
ded to the mild muriat of mercury, a greyilb pse« 
cipitate is thrown down, which is merely the bxyd 
lliat wa^i combined with the muriatic tu:id. When 
ammonia is added, the precipitate i$ of a daite 
cdour^ «aad is indeed nearly blac](» becaufe the 
ammoiua in ieparating it fr9m the acidi 1^wi% 
partially de-qxydates it ; k is there&ie nearly, if 
aot preci&ly^ the iame as that |»;ecipitated bj 
ammonia &om the nitrat of tq^cwy, 

\ 

\ Mercury is fcarcely a<3ted oa by any of the 
other acids; its oxyds, however^ combine witb 
the greater number of them, and £oxm peculiar 
compounds. Theie combinations may be effb£faed 
by digefting the ^xyd in the acid ; but a wore 
ea(y i^odeis to add to the nitrous iblution of mercu- 
ry either the pure acid designed to be combined 
with the mercury, or fome neutral ialt which cosdu. 
tains it* If, for inftance^ phoipboric add be added 
to the nitrous fblution 43if mercury, a pbofphat of 
mercury is &rmed j or if, iniiead of the acid, a fiv 
bitiou of jphofphat of ibda be added, the iame com^ 

pound 
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pound is obtained, .. the foda attrading the ni- 
tric' acid, and the phofphoric acid combining with 
the oxyd of mercury. In the fame manner may 
be eSe6led the combination of the oxyds of this 
netal with any other acid. 

The oxyds of mercury precipitated by the al- 
kalis, efpecially by ammonia or lime, if dried with 
expofure to light, and triturated with i -6th of their 
weight of fulphur, detonate on being heated. Of 
late, a'more powerful fulminating preparation has 
been difcovered by Mr. Howard. It is obtained 
by diflblving lOo grains of melx:ury in i jounce 
of nitric acid, with the affiftance of heat ; the folu-/ 
tion when cold is poured upon 2 ounces of alkohol 

by meafure ; a moderate heat is j^pplied, till an 

> 

efFervefcence is excited, and a precipitate is form- 
ed; this, wa^ed and dried, forms the fulminating 
mercury : 1 i or 7, grains of it, Uruck upon an an- 
vil, explodes violently ; and the fame cfFed-is pro- 
duced by a ilrong eledrical difcharge, by ftrong 
fri<Elion, or cypofure to heat. Mr. Howard 
found this preparation to confift of oxyd of mer- 
cury, oxalic acid, and nitrous etherifed gas. Its 
detonation is owing to the fudden combination of 
the oxygen with the carbon and hydrogen of 

thefe 
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thefe fubftances/. foi:ming aqueous vapour and 
carbonic acid, and difengaging azotic gas, while, 
at the fame time, fo much caloric is let loofe, that 
not only the elafticity of thefe gases b much in- 
creafed, but even the metal, it has been proved 
by Mr. Howard's experiments, is converted into 
vapour; • 

Quickfilver combines with iulphur. By 
mere trituration together, the mercurial glo- 
bules are extinguiihed, and a black powder is 
formed, which feems to refult from the coml^ina- 
tion of the two fubftances. It is the black ful- 
phuret of mercury . When 7 or 8 parts of the 
metal are triturated with one of fulphur, and the 
black powder they form is fubjeded to a mode- 
rate heat in glais veflels, a more intimate combina- 
tion of them is efFedted, while the metal feems 
further to be flightly oxydated ; — a fublimate 
is obtained of a fine red colour. This is the red 
fulphuret of mercury, the cinnabar or vermilion 
of commerce^ 



Mercury is afted on by the alkaline fulphurets 
when thefe arediflblved in water; it feems to attrad 
fulphurated hydrogen. Thefe compounds, efpe- 

ciallyj 
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cially that from the fulphuret of ammonia oti ex* 
pofure to the air, afliime a red colour, and jEbqn a 



[ 

I '^ CMspoiiffid fifliilar to cinnabar. 



Bfercttry does not tmite ivith carbon ; it com- 
bines ^mtfa phofpfaorus, forming a tenacious con« 
crete mafs^ fuiible^ and decompofed by heat. 

I 

<^ickfihwx combines with many of the metals^ 
it kas not been pra^able to unite it with iron^ 
cobalt^ antimony, or nickel : it unites with platina 

with great difficidty. Thefe compounds are brittle 

» 

and foft, and when the mercoiy is in large propor* 
tion^ are ftvid* They are termed amalgams. The 
amalgam 6f it with tin is ufed in filvering glafles ; 
that with gold, or filyer, in gilding or filyering the 
Other metals, 
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^hais metal is of a red coloilr with a fhade of yel« 
low, and is in&iior in luftre, mallealnlity, and duc^ 
tSity, M the ctore perfed m^t^s sis they are term-^ 
^, but is harder than filver or gold. Its fpec^ 
gravity is ftom 8ooo to ^ooo* 

Gopptt is found hative, in a maffive, arbotef^ 
cent, ot difleminated form, having the colour of 
the pure metal, frequently tingfed of vatious 
ffaades^ Luftre^ a.i. Hardniis^ from 6. to 7* 
Specific gravity from 7.6. to 7.8. Combined with 
oxygen it forms the red or ruby copper, which is 
found malfive,diflreminated or cryftalli^ed^ of a red 
colour, moderate luftte, hard, and brittle. The 
green &nd of Peru is another oxyd of the metal, 
which, from the accidental mixture of fea falt,^ was 
formerly fuppofed to be a muriat of copper. ^ The 
ozyd of copper united with carbonic acid forms 
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the ores termed Mountain Green and Mountain 
Blue, found interjlperfed, incrufting^ other ores, in 
earthy mafled, and cryftallixed. The compact 
green ore of this kind is termed Mftjachite. The 
arfeniat of copper, or native combination of the 
metal with arfenical acid, is found generally in cu« 
bical or prifmatic cryftals, of a green colour, con- 
fiderable luftre and tranfparency. The vitreous 
copper ore, which is o£ a grey cdour^ and metaSic 
fplendour» confifts of copper and: fulpbur; it oc« 
curs in mafles, ir^^perfed, or. cryftaliized^ The 
purple, grey, and black ofes, differ ftom it in^'con^ 
tainingiron, and frequently, other metal% The 
yellow copper orcy or copper pyrites, contains a 
HSU larger proporliott both^of iron and fulphu& 



■\ 



To extradl copper, itfm, its matrix, when 
found native, fulidli:is f^cient.; when it is miiie^ 
ralifed, thefufion muft be repeated. a. nyaiben of 
times, and the produd ishftly nuked in coiita& 
with the fud* 

Copper tamifhes on expoforei td air and 
moiiture, and becomes covefedf with a. ^een 
Dxyd. It is fufed byailrong white heaL i^a 
temperature inferior totbat which jnelts it, if hcata^. 

ed 
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ei in isoafaft mtb «tmofpheiie -airt k is oxydated, 
tbJn fcfldes foDBkig oil its fufface. Tbefe €<mfift 
of the brown ^yd, which» i£ expofed to a loqg 
tsontinued h^z^ attm6b more oxTgea^ and fotms 
ain tocjd xs£ a detep fed jcoiour. Wfadii co£^r is 
kitea£dy iieoted, <^:wlken de^tgraled tvitfa wtrat 
of poistih, it faoms wkh a green flame. T%efe 
px jds are not decompofed by he^t alone ; tH^y 
fnay km leduced by totting tboti mth cbarcoal. 

* iSopiNsr is readily a^ded on by the gf eater num- 
beir ^ the adds. The fuipfaunc, when conceu* 
trated ^d a0ifted by heat, oxy&tes and diiS^Iyies 
|t^~9s 4oes olfe die dUuied adbl. The folution is 
taf a bhie edlotor^ and affords by evaporatkm re- 
gular cryftals. Thefe are perfnanent h\ *^he ak, 
folttble in ^ times their weight of water at the 
tempoature of 6o^ and jdecompifed by heat, the 
IReid being expeiied* Tlssj^ confift of 27.68 of 
•cidr 3$ of iaetodii: oxyd, and. 37.32 of water. 
This iklt is the blue viirioi of cdmmerce ; it .is 
found diflolved in the waters in copper mines, 
£tam which it i»extsaded ; and it is alfo prepared 
on a: large &ale by the decompoGlion of copper 
pyrites, ih: native combination 9i copper and fuL 
phur. 

Nitric 
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Nitric acid sids on copper with rapidity ; a 
large quantity* of nitrous gas, mixed even with 
nitrous o^yd and azot, being difengaged. The 
fblution is green or blue acceding to the ftrength 
<£ the acid by which the metal has been inorc or 
le& oxydated. It ^ords by evaporation ccyftals 
very deliquescent, fduble in water, and eaffly de« 
compofed by heat. Nitrat of copper hu aiiiigu* 
lar eSt& upon tin* |f a quantity of it pow4er6d 
be fpread upon tinfoil, flightly moiftened, and 
quickly rolled up, nitrous fumes are {oon difen^ 
gaged, the mptal becomes hot,, and is inflamed* ' 
This is afcribed to the nitric acid being rapidly 
decompofed by the tin attrafling its Qxygen,rr* 
.whence a large quantity of ca^opc is e$tri<;;»t«d| 
alongft with light. . . 

• - » 

Although copper is imable at any temperatum 
to decompofe water, muriatic acid, by its ftrong 
difpo^ng affinity, enables it to eSt&, this decom* * 
pofition and attraa oxygen. This acid likewife 
cpmb.ines with the oxyds qf copper, and even atr 
?r^(jl8 th^m ficoni the fulphuric and nitric aoids.^ 
The nmriat ^ coppet: is deliquefcent, and very 
fbluhle in water. 

popper 
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Ckq^r is ilowly oxydated by fe?erftl of the 
*iether acids, ;^t lea0; when cxpofed to .their vaSion 

. in contad with atmplpheric ^» the dafpofing affi* 

. nity of the^Qid caufiag the oi^et^l.to be oxy dated 
by the air. Hence the moft acid. vegetaye juices 

. may be boifc^ with fafety in^ copper «&ls, the 
ftea]ae2i;cludipg the air ; while i^ allowed to fland 
'in theip when cold, a eruft of oxyd of copper, or 

7 iRBther (^ the: OHnbin^ion itfdrms with the acid, 
is foon formed ^t tht fide of the yeflel in contaSi: 
with the liquor* — The phoff^ioiic, carbonic, and 
oth^ acids may be combined^ with the (syds of 
copper, by adding fome of their neutral falts to a 
fdtttion pf fulpbat or iiitrat of copp^. The com- 
.binatbn with the acetic acid prepared by ftratify- 
ing copperplates with vinegar, : is of. a &ie green 
colour, and is ufed in painting, and in medicine, 
ynder the name of Verdigrcafe^ 

The &lt^ of copper are decompo£cd by the al* 
]^is and earths, If either potaJth or foda is added 
tO'theirfolutions, it combines with the acid, and 
m' oxyd is thrown down, of a colour varying from 
grey to green or blue, according to the ftate g£ 
oxydation. The adion of ammonia is fingular, 
It likewife throws down the oxyd ; but if more^ 

ammoqia 
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ammonk be added, k combm^s tvith it, and forms 
^ tzanfparexit &kif^n of a deep bkie cdlow. 
it exerts the &ine adion upon anj^ <^ the ox- 
yds of the metal, ^sd it even aifts upon the 
metal k&i^ enaUing it, by u difpofing affini* 
ty, to be tcsydated by the almofpheric aif.^^ 
The. combination of ammonia 4md{>syd of copper, 
when fiowly arsq^orated, aflbdts oryftab of a dark 
fahfe colour* it is IS^ewife obtained in a folid 
form, mixed mithfidphat of ammonia, by triturat- 
ing together thiee parts c^ carbonat of ammonia 

with two of' fulphat of copper ; this fotms a 
compound, jtnown in medicinie by the name of 
Ammoip^ted Sulphat of Copper* Some of the 
« other precipitates of copper are ufed as pigments, 
as the Brunfwick green, prepared by triturating 
mtiriat of ammonia with coppcf filings ; and Vet- 
diter, obtained by precipitjfting the nitrat of cop- 

* ■ ■ a. 

per by limCf 

<^ 

Copper is precipitated firom its folutions by fe- ] 
veral other acids, as by iron or xinc, which have a 
ftronger attradion to oxygen than it has* In fuch 
cafes, it is precipitated in its metallic ftate. 

Copper 
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iS^ppm tod fiilphw Bhite by fiifion J t!h6 com* 
pomA is grey and brittle, and more fiaftbfe tllafi 
th^ copper ififeK Sulj^uttst <rf potalh combine 
with c<^)per both ki tbe-bumid an(i dry way ; and 
tlie' metal, as M^ell as* iU osy^ utti^St Mpfaurated 
hydrogen. ^ Ptlo1^horu& cajn be <tombihed with 
c6pper,Jby heating the me(»l vdthphofphoric add 
and- qhateoal ; the eompoundr has^ the metallid 
hsd^i is^ hard^ and^ brMei and is decoinpofed fay 

Ijleati-'' 

. . . , 

Copper is capable of combining witji the great- 
er number of the metals. It Unites with difficulty 
with iron p with *zinc it feimrthe Compound me^ 
talsv brafsj pinchbeck, and otfhers ; with tin, belt 
meial and broBtze* 



Seii^Vi. -^ ^ iRfeHi 



This metal, tlxe moftufefiil' 66 aH othets^ ii difr 
fdfed in great abundance in nature. It is found 
in- the earth combined with other fubftanees earthy 

and 



i 



\ 



gi IROK^ 

and metallic, and few foffib indeed are enttrely 
free from it ; it is contained in the waters of riy^it 
and fprings } it exifts in a variety of vegetaUe 
produdls^ and is obtstined from dieir aflies ) asBi k 
is a component part of the bloody and of feveral 
other animal fluids and fofids. From its exiftence 
in fo many organic beings^ it has been fnppofisd to 
be foiled by the procefles of the living fyfteai« 
and experiments have even been ftated in fupport 
of this opinion, which fcarcely, however, authorife 
the conclufion< 

Mineralogifts have difputed with tefped to the 
exiftence of native iron : it feems now to be 
generally admitted, and immenfe mafles of it have 
been fomid, which could not have been the pro* 
dudl of art. 

Iron is frequently mineralifed by oxygett, 
forming wfiat are termed the- Calciform ores, of 
which the principal varieties are the black, or 
magnetic, iron ftone, found both amofphous and 
cryftallized, and in the ftate of fand! ipecular 
iron ore, likewife found cryftallized and in ma&» 
es, and diftinguiftied by its luftre, and frequently 
by its iridefcent coburs : the brown and red has-- 

matites, 
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maiiteSt which are generally amorphow, and 
which contra {everal heterogeneoas ingiedients 
befide$ Qxyd of irop :, £^veral ores, known by the 
wgae name of Icon Stoo^s^ gnd containing more or 
hb aigiHaceous earthy and frequently lime and 
files, with oxyd of iron ; gnd laftly, the ochres in 
wlifich th^ propoition of argillaceous earth is ftill 
gieata?. ComhiiBed with fil ver it forms the pyrites 
whiqh is yeiy* abundant, and found in a variety of 
foans^ amorphous and cryftallized, of a yellow 
colour and metallic luftre, aqd varying in compo- 
fition, the fulphur being foQietimes in larger pro^ 
pwtion than th^ metal, and ibmetimes the reverfe. 
In the micaceous iron ore^ the metal is combined 
DtFith oarbcm ; in the blue martial earthy with car- 
|>qn and phc^phoric acid ; in the arfcmcal iron ore^ 
with arfenical acid ; in the Jparry iron ore^ with 
carbonic acid, manganefe, and lime ; 2\nd in emery ^ 
with jSliceoi^ earth. 

The general proceis by which irou is extraded 
finom ])ts ores, is firft to roaft them by a ftrong 
heat, expel the fulphur, carbonic acid, and other 
mineiali&rs which can be feparated by heat. 
The remaining ore, being reduced to fmall pieces, 
is mixed with ^larcoal or coke, by which, when 
Vq?v U. I expofed 






expofed to a& intenfd heat m a dde {^matf^^ ^^f 
oxyd is reduced* The^ are filt^dwife feme addU 
tions neceflary to ferte as a tux to vitviff tli0 
fcoria, and lacUit^te the fepafatioff of the imted 
nxet^L The matrix oi the mu ore W getvmSfy 
either argillaceous or calcareous^ or fometime!^ a 
portion of fiticeons earth; but vrliicheTer of th^ 
earths is prefent, the siddition of one or iKMik of 
lj)e others makes a proper flux. Thefe are dc« 
cordinglj added in the proper propcntionf accof^g 
to the nature of the ores ; and this mixture iii eon* 
tafk with the fad» is expofed to a heat fuiSeient to 
fcduce the oxyd, and melt the iron. 

The metal thus obtained ts termed Caft Iran, 
or Pig Iron. It is far from being pure ; befid«s 
.feveral heterogeneous ingredients, it alwajs con- 
t&ins carbon and oxygen, According as one or 
other of thefe predominates, the quality of the 
call iron is different. Where the oxygen is pre- 
fent ih a large proportion, the colour of the iron 
is white, it is extremely brittle, and its frafture 
exhibits an appearance of cryftalH^ation : whero 
the carbon exceeds, it is of a dark grey inclining 
to blue, and is left brittle. The former is the 
white, the latter tho^ black crude iron of com- 
merce. 
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tl^gfcc^ Ti» isjccf 1$ iotcrmtudi^te between them 
in ^aUUQ$ JTod coosppfitioa. la anjr of thefe 
ftf tef y the i^^on is mujcb xnoce fufible than when 
pusc^.h^ftu:^ it cin he filled and call into any 
fyfm i k h ^o.r ho^ever^ much more biittler 
Md fwmof: therelcm be flattened under the ham^ 

mm-' 
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To^Uk^ |>qfie:ira$j or free it from the carbon 
flld oxjgeft with i/rhich it is combjAued in the 
^fmAt ivOR, it h Sahj^&ed to the operations of 
ti^^^il^ mi Sii^ipg* By tihe former, in which 
Ite snttal ii( k^p( in fufion for £bme time, and 
«OJSftiptlj fttqoed, ^f Qorbon and oxygen aw 
<CQtPA)3fHifd«, a^ the pioduA is expelled : the me^ 
$91 a^ ks^i^ hecomes iD^ifeid aiid ftiff ; it is then 
Snhif^i to th^ <u3;ion of a V4try large hammer^ 
jor to jQue iQor^ equal, but le& forciUe, preiTure of 
JMgi;e . roU^rii by wi»cb the- remsuning oxyd of 
in>p» 9]|4 pther impurities not confumed by the 

fufion, are prefled out« The iron is now no long^* 
.er granular in its texture ; it is foft, dudile, nlal-> 

l^sibje, ^d much lefs fufible. It is termed For^ 

ged^ or ^ar^ Iron, and is the metal in its pura 

fiate« 

i 
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There arc ftiU fome varieties c^ thi« iron, ani^ 
in^ from intermixture of other fubftances. Pure 
iron is diftinguiihed by its great infufibilil^, its 
foftening when heated, and its being dudile and 
malleable at every temperature. There is one 
kind of forged iron, which, when cold, pc^i&s 
this duftility, but when heated, is extremely 
brittle, and is 'iilfo fufible : this is termed JHot 
Short Iron. Another variety, the Cold ihort iron, 
pofleffes precifely the oppoiite propertie3» bciiJg 
highly dudlile when hot, but when cold extreme- 
ly brittle. The caufes of thefe j)eculiafities have 
not perhaps been perfedUy explained. i-Chemifts 
are ' generally agreed, that the property 6f cold 
jQiort iron depends on the prefence of a fubftan^ft 

r 

termed Siderite, once coniidered as a^peculmr me- 
tal, ,but now known to be. a- -compound of phof«- 
phoric acid aife ir^ : that of hot fhort iron has 
been afcribed to the intermixture of arfenic^ ful-. 
phur, or mlphureous acid ; but the real caufe is 
not wfeil afcertained. * 

Forged iron, free from thefe peculiar proper- 
ties, is malleable at every temperature, and is ex- 
tremely infufible. It is the metal in its pilre ftate. 
Its colour is a light grey, its texture is porous, its 

fracture 
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fhwftute briffiant and fine grained ; its hardnefs is 
confiderable ; it is very mafleable, and exceeding- 
ly du6lile; its fpecific gravity is 7.788, that of 
caft'iron 7.207. 

Iron is diftinguiihed from every 6ther metal by 

its magnetical property; it is attraded by the mag- 

. . . . • 

net, and acquires by itfelr, under various circum- 
ftances, Jhc property of magnetifm. ■ It ha$ be«i 
fuppofed to be the only fubftamce in nature capa-> 
bic of acquiring this property ; but this appears 
to belong likewife, though in a lefs degree^ to 

fome other metal$, particularly to nickel.. 

► • • . . ■. . ■ - - 

'3Rte toagjrietic property remains in fcveralof 
the oxyds of iron, ^ but beyond a certain degree 6f 
oxydatfon it is loft. ' 

Pure iron is extremely infufiWe, and, when not 
in cohtad ^ith the ftiel, cannbt be inelted by the 
heat whicih any furnace can excite. It i^, howe- 
ver, foftened by heat, ftill preferving its dudility : 

J 

this conftitutes the valuable property termed 
weldings by which two pieces of iron heatcd> and 
beat together, are firmly joined. 

When 
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Wben ixQfi is heated m coifts^Gl^ ^s^ittao%^ 
lie ok, it is oxy^Med, aQ4 fc^wios ai?e foraiod oa 
Its furfaqe. This fiiA oxf d coQt^ins iccm ap :^ 
25 parts of oxygen in the 100. Rad^^ feJ powi- 
der, and expofed to heat, it acquires a red colour, 
^nd ^^bforbs moce o^ygea^ e^inal Iq 2% or 34 purts. 
la oxygw g^, a fifie imn v^mi pr^yip^y healed 
t<> igfuticm, :bums i^h ffmt ^kadow, «Qid uon 
#bii^ ^ t high t^mperz^ture 4efl9gna;e wi^ ni' 
1^ of potafi^ Nosiie of tl^ os^yds ^^ifcxi i^uFedi^- 
eompofed by heat, \^ they may he irediiped bf 
texpoii^ thiem f o beai^QHSf d wijt^ cihac^ 

Iron is oxydated even at a low temperattire by 
inpf^w^ to the m: this fmos whM: k tetmtd in 
leomaw teiigiiage rustifig. It i$ favoiiwd f^ 
moiflure ; and experiments have ihewi|« thM tito* 
the oxygen of the air is partly ^bftradted dur*. 
log the piocefs, yet a iW decogapofition ^^ the 
irotef tsdcea place ; and e¥en by lagilsataoii ki vm- 
$cr It &KiUar ojKyda^ i^ p^odueed* The t»ni« 
lepn s)iA: of iion c^H^kis c^rbode dcjd« 



At tiie temperatiire of ignitioa^ iron deoditapo- 
fes water with rapidity, atbraiSting its oxyfen, sod 
the hydrogen palling off in the ftate of gas. - 

It 
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tt tf dKjrdited smd diffi^visa by tho acid$«-«i^ 
I'telbll^afic add, wiKti coiKreiriieatedv te^yitrai 
tbe aififta^ce <»$ a bd&tf. beat ; when diluted mtli 
^ttfi or four^ JAMS of water, tte fokidbn proceeds 
iKipidly io»dse col^f tbe aoid^ 67 a di^pofiag afSnW 

ivater, and combining with the oxyd ; a large por- 
tkffiT of bydr^agOBi ga& is of courfe difengaged.- The 
li^Ei^aon is gram, sod l]^ era^onition aibrda regxb- 
br cryftais of a fi&e grtar coloar. They are feb^ 
^er is 6 parts of water at a meaoi taoperatitra : 
expofed taheftt^ they undargo the watery fufioo, 
and bgr a ftrooger heat tbe iaJt ia decompofed, its 
aeid is expelled, and a brown oxyd remains : ex« 
p(^d ,to the atmofphere, it firlt efilorefces, and, 
afor fome time, it loib ite glMn colour, becomes 
yellaw, and fbnus a' loc^ly adherent mais. This 
cfafMige is owing to an aM>rpl^ii of (»cygen by the 
inetallic oxyd; it ilill,. howerer,. remains cc^bined 
.with the fcd^fawic acid, forming a ialt djfiei^nt 
ifotfo the other,^ which is not cryftallizable. The 
fised alkalis throw down from it a ycdlow pMctpi- 
tate, while, from t^e other, they ieparate a green. 
The former of thefe falts ahfbrbs nitrous gas, arid 
has been ppQpo&d: as a mean of afeertaining the 
quantity of azQt that may be mixed with this gas, 

as 
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as the azotic gas is not abfotbed ^ but,accord&ig 
to Berthollet, thejfimimitkm of voluine which ni* 
trous gas hSE&cs from.fulphat dcikon^ is owii^ to 
its decompofitioQ; the oxygen ccml»ning with one 
port of the aaiot^-and forming in^tiousgas, and the 
other part of the' axot remaining uncombined« 

Nii:cic acid is jsapaUy deoompofad by. iron. 
When diluted, the folution goes , cm more Howly, 
the metal is le&. highly ofltydaled, '^M, more oiit 
is diilblved. The folutiiHi does^not afibrdi^gu* 
lar crystals'by evaporation : it is decMipofisd by 
a very Qioderate hrat^iand abforbs oxygen when 
«xppfe4 to the air. 
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Muriatic acid dii&lves iron w^ eafe, fiift en* 
ablingthe metal to decompofe the water prafent, 
and then combimng with die oxyd ; hydrogen 
gas is therefi>re at the &me time difengaged. 
The folution by evaporation may be brought to 
the confidence of a fyrup, when it -depofites 
fmall needle-lfke ciyftals. Wh«i expofed to the 
air, it undergoes the iame changes as the other 
folution^ of iron do, though mc»:e flowly, and the 
greater part of the oxyd is depofited. 

Carbonic 
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OtKAKaAo acid li capfldde of domWaiiig with 
iton. The comhi&atkkii is eff^&ed by keq>mg im. 
itoai wire in a iaturat^d. folatioii of carbonic add 
in water. In the ratural chalybeate waters, the 
iiBa iai ndth few exeeptionS) held delved by this 
a^id. 



Fhofphoricacid diflbli^s this metal ; the eoifl-^ 
pound is nearly ioSoivblt in water. The boracic 
and iucMric acids likewiiie onnbine with it. A pe- 
culiar animal acid, the Fmffic, has a firong at- 
tra^cm to its perfefl oxyd ; it fonns with it an 
infiduble compound^ of a rich blue colour, the 
Pruffian blue of commerce. Another acid, of ve- 
getable origin, the Gallic, combines with the fame 
Qcsyd, and forms a precipitate, of a deep purple, 
or black colour* Both thefe combinations are af- 
terwards to be noticed ; they are the moft deli- 
cate tefts we poflb(s for difcoveiing the prefeqce 
of this metals 

The combinations of iron with the acids are 

decoHipofed by the alkalis and feVeral of^tha 

earths, the oxyd being precipitated, and varying 

in its colour from the di&rent folutions according 

VoLvIL K to 
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tx> its degree of ox3niactkK In gefleml^ p«t of 
the piiedintate is re£flMyed bjr tile sdlali, and 
ffiU more by the alltaliiie cariKmati. 

As itoh has a ilrohger aftm^&n to oxygen 
than any other metal, zinc and perhaps xs&a^ 
ganefe excepted/ thefe are the only ones capable 
of precipf tatiiig it fircRm id foliitioiis* 

Iron has a fiirong attra€ti6ti to carbon \ fhdf 
cconbination produces fteel; one of the moil ufe-* 
fill forms of this valuable metal. To form fteel^ 
bars of malleable iron ate bedded in charcoal m a 
cbfis furnace, alternate layers iof iron and charcoal 
being formed. A ifrong 'fee is appBed for fix or 
eight days ; the progrefs- of ttie eeJnentatioo, as 
this proccfs is termed, is known by drawing a trial 
bar from the furnace : iTthis is iufficiently changed, 
the fire is extinguifhed, and the nietal is left to 
cool for fix or eight days. This forms Bliftered 
fteel : it is rendered more perfedl by fubjeding it 
to the operation of the. hdmitier^ as in forging 
iron } or it is fufed and caft iato fmall bars, form- 
ing what is termed Caft fteel. Thefe operations 
are performed on malleable iton f btft thofe kinds 

. .^ of 
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iron. The property by which it is eminently di£^ 
tinguifhed is, that of acquiring a degree of hard- 
nefs by being haflily immerfed in cold water when 
pre vioufly heated, the hardnefs being greater as 
the fteel has been hotter and the water colder* It 
at the &m% time becomes more brittle and elaftie. 
Steel thus hardened may hav^ its ibftneis and 
tdudility reftpred, by again l^atmg it, and idlow- 
. ing it to cool flowly. This is what is termed 
tempering of it, the r^quifite degree ctf haidHefs 
being given by heating the metal more or lefs, 
and Rowing it to cool flowly. 

Steel pofleflcs a degree of hardnefs fuperior tp 
any other metal ; it is aMb pofl^Ied c£ ikt higheft 
elafiicity : and by thefe properties it is rendeted, 
perhaps, the moft valuable of the metals. 

Iron has a ffarong attrsiftion to fulphur, and 
combines with it with facility by fulion. The 
compound is of a black colour, is brittle, and very 
fufible, andj^ like the natutal p}rrites, is capable of 

F 
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decompofing both water and atmofpheric air. 
This decompofition likewife takes place when the 
iron and fulphur are merely mixed and moiften'ed 
V^ith water : when the air is excluded, the mi:&- 

ture 
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ture even inflames, Jrwi is likewife diflolred by 
the alkaline fulpbnrets; and it^ oxydsare capable 
of combining wi?h Adplwratcd hydrogen, 

WitiK phofpb«»m^ iron enters into combination j 
the compo«md i^ wbke, brittle,tnd fufible. It bas 
been fyppofed that.this pompotind is thefubftance 
once fiippoled to be a peculiar metal, and termed 
Si^rite ; but thi» is ratber a compound of oxvd of 
iron and phoi^horic. acid, " 
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Iron is capable of combining with a number of 
the metals. It doc* not unite wiih lead or bif- 
muth, and very fparingly with mercury". The 
principal ufeful combination of it is that with tin, 
tinned kon beipg formed by- immei&g thin* 
plates of maUeable iron in melted tin, when the 
inetals combme, not only at the furfece, but thro* 
the fubftance of the iron. 

This metal does pot combine with the earths, 
but its oxyds do, and communicate to gfaflcs ^ 
pus ihades of colours. , 
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This metal is of a greyifti white cplquri luftre 3, 

hardnefs 6. ; it is confiderably malleable, but pofr 

-feflfep.v^ry littk dw^aiUty. It is the lightcft of - all 

thp. metals, its |p?eifiQ gravity wheft h^miuered b?-. 

Tin is pQiBpgjiptively a rare m^aj, as it is not 
.found ip gi?e^t ^u^lity ^qy where but in Cpru- 
jfi^il i]a £Qglandf {t is diftin^uifh^d ^Ifo as exifl- 
ing only in the primitive mpuntaips. It has been 
much doubted whether it is ever found native ; in^ 
IJbe Qpinion of Mr. Kirwan, there a^re fuflScient 
WjtliQeities to determine the jqueftion ia the ^^ 
mative, though fpecimens of native tin arp ex- 
tremely rare. The native oxyd is an abundant 
ore ; it occurs both maffive and cryftallized : its 
isdour is brown, or brownifh bl^k : the formsof the 

cryftals 
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eiy ddi$ as e very inie^lar ; thdr loftre %. 3,. tfan^|iaf« 
enCy i,2,3, terdnefs iiot fc& tbai^ i:0. When maf* 
five, ft is- dcffitute of h^re and tranfpareocy « The 
cTjilftls contain in thr 106 parts ^7 of metal aind 3 1 
. of d^xygcn.— Th6 Wood tin ore is another variety 
of the nathre oxyd, termed fo from its fibrous tex-» 
ttiiife X it contains aboiit^6 j parts c^ metal in the 
xoo« Tin is alio miner^^ by fulphw, afibciated 
^wjtys with 8 jtortion 0/ copper, and often^ iron i 
lire colour of this ore is ayellbwilb grey, with a 
metallfe krifti^e, and lio trtofparen^jy. It conffils 
\ of 45 of fiilphur» 36 of cfcipper, and 34 6f tin. Ta 
i extraft tin from its ores, the ore is fligbtl^ r^aAed^ 
is pounded and wafhed, and is melted in contts^ 
with the fad. " ' 



Tin is the moft fiifible of tlte metall, , It tneltg 
at about the 410th degree of Fahrenteifs fcaie* 
By to intenfe \st^t it is volatilifed. At i mode-* 
rate heat, in coritad with atmofpheric air, it i^ 
q^uiddy dxydated j its furface is covered with a 
greyUh powder, which, if Ticatid to ignition, be- 
comes^ white from the abforption of Jiidre oxygen. 
This white OXyd is l&ewife forrhcd by* heatm^the 
metal to % ted hfeat ia atmofpheric air : by defla- 
grating the tin With nitxat of potaih, part of it is fb 






^ TIN* 

hi^ify o)cydftted as to approadi to the nature 0? 
an acid, and remain cosihined with the potaih* 
The white oxyd is by itfelf very infofible j when 
melted with vitrifiable fubftances, it forms an 
0[teque white glafs, which is the bafis of enaipeL 

Tin is oxydated and diflblved by feveralof the 
dcids. With the aififtance of a moderate heat^ 
it decompofes the concentrated fulphuric acid, a 
large quantity of fulphureous acid being difengag- 
g^d: the folution on ftanding depofites flender 
cryftals. Water d^:ompofes it, attra&ing its acid, 
and precipitating its oxyd. 

Nitric acid is decompofed by tin vrhh great ra-^ 
pidity. If the acid is in a certain fiate of ftrength^ 
no gas is difengaged ; but on adding a quantity of 
lime, ammonia is difengaged : in this cafe the al- 
kali has been formed ; the tin decompofing both 
the acid and the water, and the hydrogen of the 
one and azot of the other combining, by being, 
prefented to each other in their nafcent ftate* 
The tin is fo highly oxydated, that little of it com- 
bines with the acid. When the acid is weaker, a 
quantity of nitrous gas, mixed with nitrous oxyd 
and azot, is difengaged ; but ftiU the metal is fo 

highly 



highly oxydated, tbat a fmall portioa 6nly o£ nir 
trat of tin can bd obtained* 

« 

•I 

Muriatic acid diflblves tin. * During the folu* 
tion, a quantity of hydrogen gas is difengaged, 
from the decompofirion of the water by the me- 
tal : thefolution is tranfparent, and of a ycUowilh 
tinge : by evaporation^ it affords needleJike cryf- 
tak on expofure to the air, ' Thefe confiil of the 
imperfect oxyd of tin combined with the acid* 
This lalt has a great avidity for a further portion 
of oxygen ; and hence it abforbs oxygen gas, and 
decompofes oxygenated muriatic acid, nitric acid^ 
nitrous gas, fulphurpous acid^ and feveral metallic 
oxyds. The fait, with the perfed oxyd, differs 
from the former : it is tryftallizable, but is alfo vo- 
latile, and may be eafily diftiUed ; a liquor of a 
thidc confiiltoce is obtmned, which emib white 
fumes of a penetrating fmell': by the addition of 
water, it is decompofed, and oxyd of tin precipi- 
tated.-— The oxygenated muriatic and nitro-muri*- 
atic acids diffolve rin with great facility. Th^ fo« 
lution in the latter acid, when care is taken that 
it fhali be flowly performed, is tranfparent and 
brown-coloured ; it foon becomes gelatinous, and 

Vol. 11. L at 
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tkl^g(h&i». ft is decoAp^fSed h^ ^&^ : ^^ 
water is added to the fMA fidtidtai) k ^ehifeft ft 
concrete, from the copioiu precijntation ci oxyd 
^tii. I^is'lbKition IstifeS la dydng, ^ i «aor- 
4aiit to^eigliteii %nd fix federal colodrs.. 

The Other acids ^Lrt CzpBk^, dtker eif oxydat* 
inrg tid, or of coiahnuiig^p^ its O^yis; but the 
coropoutids thus'ibrmid snre 0Ot important. 

* • • • 

The s&siSs appear tb fa^ feme laAioo on this 
metad, and, irhen dfifted % hieat, to be ci^hle 
of diflblTing a fkxsall portio&'^j^ tMiditt d^ tegk- 
hue ftote and in that of os^'d. 

Tin comhines wi& fcdiAur -by ftafioe. Tbc 
pbmpound is much i&oie inftifible than the lae- 
tal, is (^ a dark grey cotow, ai^ retains the tne* 
tafiic fptendour. V^th tile ^perfea; tayd of tin, 
folphur forms a compouxid, ^"a gcddeo coloiir and 
brilliant appearance, termed ou^tmiMfivum^ It 
may be prepared by^H^nt ftociSts^ but the 
tifual one is to amalgamate 12 pa^s of tin with 3 
parts (£ mercury, by adding the latter to the tin 
melted, and afterwards triturating the mafi. This 
imalgam^is intimately mixed by trituratibn with 

7 parts 






7 iiacts of fid^r jmd i part? oi snu^t og %!«-: 
iDoni^ : tl^. ts»iitQi« k <;k:pqMIq l^lt ip.a qi^r 
tcais arltm; as aaj white ¥apQut& aj^. 4il»iigagedl: 
the heat is tbeii: mo^eiately m€is»&dr; a. lit^ 
fulphuret of mercury, and fome oxygenated mu* ' 
mX of m filbUme^ «]idD tilt 419^110 flin^EMKre- 

m 

Tb^ tbepf)? of tbe lEbrmation of tM^ coixqpdim^ 
is one of the moft intricate in chemiftry ; but it 
appears to b«ye fe§«e fai&ci««% afc!5J?teia^d^ by 

1^ refiiaichM of ?^Jl?ti$i^ fa thi^ feft amaJ- 

gMQIttifQii and irituMitieii.pf the mercury andtin^ 
the latter is divided, and in fome degree oxydated: 
vhen the mixture of this amalgam with the ful* 
S^iur s^ msU^ ^ afamcnia is he^jted* thd muria- 
tip acid» by % difpoftli^ affinity t enables the tia ta 
1^ Picj^blt^dr by deeofopcfing the water, ^ad this 
o:iQrd €0sriw)at With the mimafia aei^ 
SSO OC the in9l6r it di&ngaged with the anmionia 
qC the moKiAt of amtnopiit, this anuDonia unites 
inilia|V>iSM«k^ ^{iiJ^phur, and forms, fulplihtt^ 
ret of ammonia, which, being di(engaged, caidCbs ^ 
the white fumes. The heat being now augment- 

4 I 

ed, the mqriat of tin is agun decompofed, the oxyd 
of the m^ attra^g a portion of fulphur, and " j 

forming j 
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fbnning the aurum mu/ivum. In (ionformity to thi$ 
theory, Pelletier found that, by combining oxyd 
of' tin and fulphur by fevcral more fimple procef- 
fes, the fame compound was fonned* 

• • • » 

Sulphuret of potafh combines with tin by fu-^ 
fion : the compound is partly foluble in water : if 
an acid is added to the folution, the tin is precipi* 
tinted m combination with fulphurated hydfogen* 

' Tin combines with phofphorus ; the compound 
has the metallic brilliancy, but is fo foft that it can 
be cut with a knife« Tin does not unite witU 
carbon* . ^ 

■ 

With the greater number of the metals, tin 
combines with facility. Of thefe' alloys, that with 
mercury is ufed in filvering mirrors; that with 
copper forms the compound metals bronze and 
belUmetal ;' and that with zinc, biihiuth, and lead, 
forms pewter. It is alfo applied to the furface of 
copper and iron, forming tinned plates of thefe 
metals* 



Sfd, 



r 



t 77 3 



;> 



i> I I r> I < 

^^^m^f H I. ^ ^ 



Lead is of a light blue colour, with a.Iuftre 
equal to 3, but which very quickly tamiihes. 
It is the fofteft and leaft elaftic of the metals, its 
^ ]iardne& beiqg only 5. It pofleiTes little mallea- 
bility, and ftill lefs dudility. Its fpecific gravity 
is 11.435; it is, therefore, the heavieft metal, 
next to gold and platina, 

< Lead has been faid to be found native, but it is 
very rare. Native oxyd of lead is fometimes in- 
, termixed with clays and oth^r earths, general- 
ly combined with a portion of carbonic acid. 
Garbonat of lead exifls in confiderable abun- 
dance, either maffive or cryftallized, of a white 
colour with fhades of yellow or brown, brittle, of a 
waxy or filky luftre, having in general little tranf- 
parcncy: It coQtains from 18 toa4patjsin the 

; 100 



i 






I 
i 

I 

« 




Sfa.Ym. — — Lead. \ 






'..,- »-- 



■.-v»- r" 









r 

i 



7S ieVd. 

100 of carbonic acid, and very generally finall 
portions of iron ^d lime, Phofphat of lead is of a 
green colour of various Ihades, with a waxy luftre ; 
occurs likewife both amorphous and cryftallized : 
it contains frpm 70 to 72 of lead in the 100, with 

18 of the phofphoric acid, and a fmall portion of 
iron to which its green colour has been afcribed. 

m 

Sulphat of lead has been found in fmall tranfpa-- 
rent cryftals, of a yellojvifh white colour, and con- 
fidembk Ibftre. Arfcnigt of lead i^ a x^xp ope ; (t 

19 of 8 green colour, paffing into ypllow with % de^ 
gxiee of tcaolparenc^r. MoLybcM (^ l^ad, or the 
combination of the mietal with the iti^t^mic aci4. 
teiroed Molybdiq, is more abiw^a^pt; k doeBJS 
fnaffive^ or ip fmaU ^uJ)ic»J cryft^s, of ^ yellow 
colour, and waxy luftrcw The l&ft of ^ q£^y« 
ialts of lead is that in which it is united with the 
wwly difcovered n^etalUcaqidt tht 9adpf<jHb|<}in 
ftti^ing the Red Iiead of $iberig« Xf^Aly, lea4 is 
nine^ralifed by ful{^ur, forming the cqtnppttiid 
termed Galena, which is by far its moft abua- 
dant ore. In colour, luftre, and fpeofic ^ayity, 
it is very fimilar to the metal, ils texture is foliate 
fdy compad: or granular. It occurs both cryftaU 
Itzed and in ma0es, and its furfaoe is often indef* 
cent^ The lead e^a in it vx the metallic il^te* 

the 



ttte f rbportion tlir)ring it4m 43 €0 % j^arts la 
fhe IQQ. It ^rwaf4si iikewife^ comajos U poitiim i]f 
filver varying from A to ^nr* 

lieftd k e6i% ektra^ied 6«a^ ^k na- 

tive Mt^ iSE k aie deteotnpdfed, ^tyl ijie Ufdie- 
'^ttcedy hy fufi% them ill contaAwidi the fuel; 
the galena » idaft^ «o e&pell its folphur, and -die 
lead is Hfdlied <mtr^toQ or Mme bong fometimes 

« 

added to abftrad the fulphur more completely. 



V 



Lead tndtes at «bout 540^ of Tafareohck ; and 

by "an intenfe heat may be Tolatififed« Whea 

melted m contad^th atmoTpheric air, it kfoon 

covered "mth a Siiir pelHcIe, ^hich i^ theimperfeft 

-dxyd of the metsd. By -^spofing this gtey esxyd 

to u Stronger lieat, it -acqtiires a livdy yellow 

coloor, forming the pigment teniied Mafficot : 

if the application t)f the heat be continued, its 

^colour changes to a bright red, when it is termed 

i^iiium. By a higher temperature it is feiBQii«^vi^ 

trified, forming litharge, and by aftill ftrongerit 

forms a perfed glafs. The red oxyd of lead, which 

contains about la pars of oxygen in the too, yieHs 

part of this oxygen on expofuife to a red heat, but 

is not entirely reduced. The comiJlete redadioa 

■of 
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of this and tfae other oxyds of lead is eafily eBkSL^ 
ed by heating tlwxi witE cfaarcodL- ' Hydiogor 
likewife reduces them. • - ; 

Though lead is' incapable of decompofing wa« 
ter at any temperature, yet when long e]q>Q£ed to 
it, it is . covered with a thin craft of white oxyd ; 
the metal having pxx>bably attraded o^gen fr<Ma 
the atmofpheric air which water contsuns. 

• * * > 

' The greater part of the acids ad upon lead. 
The fulphuric requires the aififtance of a boiling 
heat to oxydate and diflblve any of the meta) ; 
but it combines with ^cifity with its oxyds* Sul- 
phat of lead is nearly infbluble in water, unlefs 
when combined with an excels of acid, by which 
its folubility is increafed. It then affords flender 
cryftals by evaporation. Nitric acid is decompofed 
by lead, and. nitrous gas is difengaged; the metal 
is even fo much oxydated, thi&t little of it com* 
bines with the acid. If the acid has been dilut- 
ed, the metal is lefs highly oxydated, and there- 
fore more of it is diflblved. The nitrat of lead is 
foluble in water, and cryftallixes ; it has a fweetifh 
aflringent tafte^ and detonates when thrown on 
Jjuming fuel. Muriatic acid ads very weakly on 

lead, 
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Im^ even vIna affiftfed bgr bflat^ It coBdm)«» 
HKikk &c3il:]r«. hovenes^ tliitih its cxyi^ formi^ a 
compoosid oeMrTx iniblable. U b melted b^< heet 
lUfaDt a» ^a& piiflfsJBmg, confideiiftMe tcn^tf^. Flor 
oiie:eciA diffdms lead 1^ the jAftMoe o£>Bat*: 
cdsbooiq jAuofphetic,, eod bomcie^. oomhiiie mth 
its oxyds, femringr 0Din|touad8iap|diedbta g<» vAn, 
With the acetous acid or vine^r, a fait is formed, 
tbe acfitati of kidi. <tf fiigsyr of^lMMl of eoouaeKe, 
muchi ufedim tlie^arts and in medicine : its formor^ 
tioQ w tQ te^ afteriyiraedA fiolScedi The^ fitte aoi^^ 
comMles:leadi andfiuans.aiLQsyd temied Gjus^^ 



EiroBEi- thoft fdUataom, die alkalis) mi: ttrtbar 
throo^ dowip a white; os^yd; 13ie dkaCs^by bexDg^ 
hoifedontte osgd^iof kad^difiblyeafixiaU peill^ 
ofi thesu 9e»ralio0dieiieiiliallialts axedettQfi& 
pofedibj' thoiie osgrdiLt the moft impertsoit q£ the& 
decompofilions is that-ofithemuriatof ibda^ vdmh 
Uii^&,ed by tritorating: i psestol it \iith 4 patta 
e£ lithai^B^ as^ nuseb Mitetet bdogi added^ as; is 
taS&mnte to ^ inaket a. p^fle:: pure- fbdauis^thus^obh 
tamed;. Tbift djocotapoStaDW muftiappear frngabit,, 
feiceifiiKbiihas a fironger atsxadion to.osy.d of lead 
theamuoattQ agidihas«;: it']$;oi»3ng( asii^auquelin: 
l^ttihe^itai te<ceiQairi»taffiiritieBi.the:diie A^tracr 
Vol. II. M , tiou 
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tion of foda for muriatic acid, and the difpofing at- 
tradion of muriat o£ lead to an excefs of oxyd* 
Hence a large quantity of oxyd of lead is necefla* 
ry to effeO: the decompofition,^ and the compound 
which is obtained is a muriat of lead with excefs 
of oxyd. By expofure to heat it acquires a bright 
yellow colour, and is ufed as a pigment. 

Sulphur combines with lead by fufion, and 
forms a compound of a dark grey xolour and mcr 
tallic luftre, lefs fufible than the metal, and de- 
compofed by hetit. , ^Sulphurated hydrogen com- 
bines with the oxyds of lead, and forms a com- 
pound of a de^p brown colour. This has been 
ufed as; a i^pipathetic ink, letters being traced 
with a folution of acetat of lead^ and held over a 
folution of fulphuret of potafh, when they art 
foon blackened by the fulphurated hydrogen* It 
has alfo been, ufed as a teft to difcover the pre-^ 
fence of lead in wine or other liquors. If a folu* . 
tion of fulphuret of potafli or lime be added to any 
liquor containing lead, a copious black precipitate 
is formed, cOnfifting of fulphurated hydrogen arid 
oxyd of lead. This teft, however, is inaccurate, 
as it likewife precipitates iron of a brown colour. 
The nature of the precipitate may be difcovered 

by 
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by adding to it mumtic x>r tartaious acid, which 
will dijQTolve it if it is iron. The teft prepared by 
£tahneman guards againil the fame inaccuracy, 
and is more convenient Equal parts of fulphur 
and powiiered oyffiet fhells ttte eXpofed to a white 
heat for 10 or 15 minutes: a fulphuret of lime is 
thus obt^ned, i dram of which is difiblved alongft 
with 31 drams o^ acidulous tartarite of potafh in 8 
ounces of water. One part ,of this folution* added 
to four parts of the fufpeded liquor precipitates 
lead of a black colour, if it is prefent, but does 
not throw down iron. It ilkewifes precipitates 
pther . noxious metals, copper of a dark green or 
grey, and arfenic of a lively yellow. 

X^ead Combine$ with phofpborus ; the com- 
pound retains the metallic luftre, and nearly the 
polour of the metal-— is fq& and flexible. 

l^e^ combines with other metals, but few of 

r , 

its alloys ar^ applied to any ufe, Iq the different 
kinds of pewter, it is prefept ip a proportion from 
one-twentieth to one-fourth the weight of the 
mafs. Two parts of lead and one of tin form an 
fdlloy Ytxy fiifible, tetmed Soft Soldef, 
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^exacy^-6i heA pfcrnKMe the vkaific«liim«f 
the earths, Midf0tmwAitb^m4wilkfm^ 
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Sa^^ -* ^ ZiMq. 
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Zing is tlie firfl: of tliofe isetals which, firOA Mug 
nearly deftitute ef dufiility and maOe^biSty, ha^ 
bec;n improp^ly tenned Seqii-inetais, It pc^ffi^ 
Ibme degree of ma&eobUity^ as by tmiform pret 
fare it may be prefied into thia leay«8« itSMpcScRnr 
is white, luftre 3. which does not tainiih qiUGkly j 
its texturp is ftri{(ted; htrdnefi 6.| f|)ect6c gravity 

7.15^, ' * : 

Zinc is found in natuie nineralifed by oxygen, 
•with or without carbonic acid, by fulphuric acid, 
and by fqlphun Native oxyd of ki&c occi^ts in a. 
loofe and in a compa(% form, am6rf>hdu^/i»^,white; 
yeQoWi or brown c6]our, wfdiout hiftre or ikBufj^^ 
rency^ l^t contains in the loO fhmt 3fo'to^^4tiF 
vine ; the other ;ingredienta are exyd of kon, fi|ei^ 
And argil. Combined with carbospieacid, it bccprs 

|ike^ 
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maWi is ttnaeted ; its hiftre andtranfporeacy ask 
jnodeiate. It CDntains ihnii 50 to 62 of o^cydnf 
zbc tdtb oirbonic aoid and water, and fomedases 
filex. Sulphat of vno is found efflorefcent, or m, 
the form of ilaladites, iQ the mines of zinc ores» * 
Sa)jpbtff6t of zinc, or blend, is the moft abmidant 
ore ; it is found nmffivear dsfleminftted, or cryftd^ 
lised, «f a ydlow, brownt or bl^ck colour, ani 
with various degrees of luftre and tranfpaieiK^t ^ 
The zinc efifts in this ore in its metallic ftate, and/ 
lb &e |Mx>portion ^ from 40 to 6$ parti in the 
l[o^. Jlc^es Culplmr; it alib ooiitains iron« lead^ 
M^giUaeeQps^nd' ^etfbtii ftcBths, and always afiof^ 

^'^on.^ wMef* 

, . ..».,. ... 

Zinc Is tttradedfi^miticffttbybeisigip^ 
tSifed by heat, the vapour of the zinc bemgcottu 
dtufed in wMeir, or 'leceimd in ti bed of chiureoaL 



metal tnelta at 70CP of Fahrenheit^ Im ^ 
4dafe ts^EbIs, by a f«ftber increiafe of beatitis vOi* 
litiHfBd widiotti: change. When melted in cMii 
taft with the «r» its fi»&de becomes coveited wkh 
H'gttty pf»fdcr,wlnch k ah imperfisiS ozyd; vAnOi 
lisatod m iilde.ib6Eve ignition^ it b«nu wkb ^ 
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liKJgiitJiame, and ^ white oxyd is ftrmed in l^gjat 
HaSbB^ . which ar^ c^rjcif id off bj tl^ rapid current 
dfiidt in the^lmniipg metals. The or^ditfelfis 
not volatile, but yitnge^ when urged by an in« 
tenie heat. 



^ 
' 1 



: Tine is not aded on by water at the ufual 
tem^eMtoxe^^f the atmofphere ; but ftt that of 
igaitiQDf it decompoles the water rapidlyt and dis- 
engages hydrogen gas. 

» 

It 19 oi^dated and diflcd^red by the greater 
number of the acids. .The ful^diuric acid, when 
concentrated, requires the aififtance of heat, and 
iulphureous acid i^ difei^aged ; when diluted, th^ 
dxydation and fdution of the metal go on much 
more rapidly, the acid, by a difpofiiig affinity, en- 
ablk^ it to deccmipofe the water. 9^4 hydrogen 
gas being of courfb difengaged. The folution by 
evaporation affords cryilals ; the fait has a ftyptic 
tafte, is foluble in 3 parts <£ water at the tempe- 
rature of 60% and undergoes the watery fufion 
when heated; Sulphat of zinc is the white vift 
triol of commerce* It' is prepared, on a large 
fcale, by roaftingi and e^spofing to air> and moif- 
tore, an on contaiamg ^ fulphucet of the metal ; 
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■ tiie filpfeut abforWoxyjgert, iiiid^ cotiwm^ 

fiilpbunc acid/ whicti coiilb?n^9^W^ 

... \ 

zine : the fait is extraiSted 1)y IhcifiatiOiH ^^^ ^^^^^ 
Iblution is evap^ted td diynefs. 
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Nitric acid ads upon zinc with great violence. 
Nitrat ;d£ 2&C? itj obtaSiwid of ev*poration i; its 
cf yftals^ gre deliquefcent^ ar^^ d^<36nip9ied bpl^yoBl) 
aiid defomate when tKrowh oil' huming fne^ ^Mssk* 
ri&tic acid likewife diflblves^inc? i;<4tb*Mfiii^ 

the metal being oxydated at the exjpence of the 

• - <■ • ■ , 

water. The folufidn '-^es liot <:fy9AWM^ lind, 
when evaporated to diyiiefs; !s 'i3:etbd%^ed^'uu) 
Fhofphbric and finoric itcid§ <^ydate altid^^^Kf&lir^ 
it more flbi^Iy; water fattirated with' oai^bonid 
acid likew¥e diflolves a portion of 'it j boltiteic 
acid has Htde aiSii^ on ii' Hie dSkeitifmA^ 
VeraloftHib earths throw down d white oi^ y^lMiu 
5ih bxyd frdth aU thefe ^ftduiionsi^ The martal is 
diflblved in idconMerable pi?^^ bythe-^ced; 
allcalls y it ^Skewile ^etdznpofes &vetal nentsil 









As zlncrhas'ib'fttottg^ aitss^^on^'ta tsK^gtm^ 
it *pr6ci^iffttefe tte 1^^ t^ fstteals 

Though 



Hioiighzlne in its laefisflie fl^e » iSjonct k n*« 
tiiie combined with ftilphar, yet tfte combinadiHi 
cxtmat be efl^ded by art, owin^ partly to the vo- 
latilifation or oxydation oF ttte zinc at the tem*^ 
perature that may be neceilary for their union. 
The oxyds of zinc, howe^er^ combiae wtfih ful- 
pfaur. The combine^ioa- of the mefs^ wkh phofi- 
{i^onis can^ bet tSt€kA; s^ compound of a wbib^ 
oob>w, ibmewhat mafieabfe) and having the me^ 
tallic liiftre» is foanedk U (eeeas aUb to be cap^ 
^bb of Gombinkig with carbon^ as a finally qoanti^ 
ty of oaibonaGeous matter is^ deposited daring th^ 
foltttion^of tb& metal ufualfy met witb^^iaany^ofi 
theacids* 



. * 



Zinc combt0es^wit& a number of other metdft. 
The mod valuayb alloys vat thofe which it fornix 
with copper ;' thefe ai^ generally made by cem«i« 
tMion; c(^per, granulated or beat^into plates^ be« 
isgexpofed to heat with a mixture- of charcoal an^ 
caltanine or- native oxyd of zinc. Different com«- 
pound metals are formed from different propoiw 

tions of the zinc and copper ; as brafs» pinchbeck, 

< 

tfMBboc^ and princess metal. Thefe are more fu-» 
fiUb-t^an^ copper, fo that they can be more eafily 

caft ; they are lels liable to tamilh^ and they po£- 

fefs 



^ 



fdfs confid^rable duaiUty and maBeabikty* This 
colour is lighter acccnrding a$ the propotttoa of 
line is augmmted. 



ttiss 
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This metal is of a yellowifh white colour, which 
tamifhes and becomes iridefcent. Its luftre is ^.a. 3 
its hardhefi 6. ; texture foliated ; fpecific gravity 
9.822. It pofle^es fcarcely anjr diiiStility or mal- 
leability. 

- Bifmuth is foimd native, fometfanes difTeminat*^ 
ed^ fbmetimes cryflallized. The native ostyd is 
met with in the form of a powder, of a yellow or ' 
green colour, covering the furfacc, or diflFufed 
through the fubftance, of other ores, Md fome- 
times likewife cryftallized. It is alfo found miner* 
alifed by fulphur, both cryit^t^ed and amorphouSt 
having the metallic luftre, without tranfparency, 
and with a confidejreiblc degree of hardnefe; * From 

Yoh.U. N its 
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its e^fy fiifibiUt7^thi3,n^t«l is^ts^ tgXaAe^fx^ 
the ores in whicb it is comam^dc 
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Bifxnuth is, next tp tin, the moft fufible of the 
metals, melting at^ about .460^. By a more in:^ 
tenfe heat, it is volatiUfed. If when melted it be 
expofed to the atmofpheric air, its fur&ce is foon 
covered with an imperfed oxyd : if expofed to a 
ilronger heat, it bnms with a weak blue flame^ 
and emits vapours, which CQndenfe into a yellow 
powder, which is the more perfed oxyd* £ither 
of thefe oxyds is eafily vitrified. 

Sulphuric acid, when boiled on bifmuth, oxy- 
dates, and diflblves a part of it ; fulphat of bif* 
muth may be obtamed^ in imall deliquefcent cry £« 
tals. Bifmuth is diflblved by nitric acid with 
great rapidity ; denfe vapours, confifting of a 
mixture of nitrous gas and nitrous acid are difen- 
gaged, and a folution of the metal is obtained, 
which, by evaporation, affords cryftals. Thefe 
are permanent in the air, and detonate (lightly 

when heated* The folution of the metal in the 

» 

acid is decompofed by the afiufion of water, and 
a very white oxyd is precipitated. Muriatic acid 
fcarcely a£b upon bifmuth, b^ pombmes with its 

oxyds. 






os^di.-' '^l4 "^ iaiirifet ' df Blfiftuth ■ ail 'be diftil- 
led by heat, when'it IBiWs 'a thici 'fotf i!l:iiii^ ' AS 
thefe foludons are decoApofed b^^ the alkalis and 
feveiai of the earths: the fixed alkalis, by di« 
gefting on the oxyds <^ this xnetal/diflblve a fmall 
portion of them. 

Bifmuth combines ynih fulphur by fufion, and 
forms a compound df a grey colom*, having the 
metallic luftre* When melted, and allowed to 
cool flowly, it coftcretes into a cryftaUine mafs» 
Both the metal and its oxyds unite with fylphur^ 
ated hydrogen, and form a componnd of ^. black 
colour. This renders the ufe of the white oxyd 
ef biflnuth as a pigment or a cofmetic ihconvenl- 
«nt. This combination has likewife been ufed as 
a ijmipathetic ink, letters being traced with any 
of the folutions of bifinuth, and expofed to the 
vapour arifing from the folution of fulphuret of 
]K)taiht 

r * 

This metal can fcarcely be combined with 
phofphorusy and it feems to have no attraction to 
carbon. 

Bifinuth 
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Bi&wth is capable of combmii^g wid:^|he gre^U 
er number of the metals, but few of its alloys 9a 
applied to aQ/ uic. With a l^ge proportion of 
tin, it fotms cQmpqu]fids yerj- ^blc f 5 parts of 
bifinutb« 3 of tin, and 2 of lead, makeaniiEyby 
tliat melts ^t the heat of boiling water. 



SeSl. XI. — — Antimony, 



The namf; ^P^Mmony \|Ka$ &# given to a certaiiv 
niinejral of ^ d^rk grey colour, i|iinii)g appearance 
and ftriated texture. It w^ afterwards diicQver^ 
^d to be a pombip^tioh of fulpbur and a peculiiu^ 
metaL It is to this metal tb«^t the name And? 
mony is appropriated j the other is the native 
Sulphuret of antimony, the. Crude antimony of 
fipmmercc. 

Antimony is of a white colour^ liable tp to be 
tamiflied flightly on expofure to the air. Its 
^e^ure is plated; luftre 3.; hardnels 6.$.^ 

■ it 
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It itf extrfemdy btittfe; it« i^^dfic gramty is 
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AntimoDj haa been fomd n«6yt;ixBioyei with 
a foudf portion (tf atfenie ; ^t hai ^ewiie occur^ 
red in the ftate bf <»xyd. The moft abundant ord 
<^ it is that in which it is combined witii fulphnr* 
Its colour is blufiih, or fleel grey, c^ a metafile 
Ittftre, and cSten beautifully vaasegated. Its tex« 
ture is compad, foliated, a^d ftriatedi ' The firi« 
ated is found both ciyftallixed, maffive, and difif ^ 
minated ; the others are always amorphous. The 
Flumpfe antimonial ore is the metal mineralifed 
by fulphur and arfemc. The Red antimonial ore, 
which i§ rfl^re, is fuppofed to contain fulphurated 
bydtogen 9s the mineralifen Native muriat of 
antimony has Qkew^e been difeovered in flendet 
ciyftals, of a white colour and metailic luftre. 

t)f^tbefe ores, the. fulphuvet oi jthtimony only 
is wrought. It is fUfed to free it from ^e earthy 
matter with which it is mi^ed In order to ob^ 
tain the antimony, it is further roafled to expel the 
fulphur ; and th^ metal being flightly oxydated, is 
leduced by pleating it Witli charcoal powder, ot 
lather with the common black flux. 

Antimc^y 



94 ANTiMokr. 

Antimony melts at about 8io^ of Fahrenheit: 
at a white heat in dofe veflels, it rifes unchanged. 
When heated in contad'with the air, i^ is* change 
ed into a grey powder, which is an'iihperfe^ oniyd. 
if this is expofed to a ftrofiger heat, it' fublimes^ te* 
ceiling at the fame time more oxygen, and cdii-r 
denfing in the form of (lender white needles. The 
fame oxyd is obtained by expoJBng the antimony 
at once to a ftrong heat. It is ftill, however, not 
fatmrated with oxygtn^ a more perfed: oxyd, per« 
{t€tly white, being obtained by expofiug the me^ 
tal to the heat jof ignitioQi with two p^rts of nitrat 
ofpotafti* 

I Sulphuric acid boiled upon antitnony is in part 
decompofed, the oxyd formed combines with th^ 
remaining acid, , and forms a fait, Mfhich, tfaougb 
foluble in water, cannot be cryftaUized. 

Mitric acid oxy dates and diflblves it in the 
cold, the folution afK)rding, by evaporatiiHi, a felt, 
which is deliquefcent, and decompofed by heat» 

Muriatic acid fcarcely a6ls upon the metal, 
and it tvtn diflblves its oxyids flowly. The oxy«* 
genated muriatic or nitro-muriatic difiblven it witb 

more 
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the fuperiluous water, may ^ dii^ed by the ap« 
plicat^pQ of heat ; it comes over of a thick confift- 
ence, of forming ,a coiwyrete, which melts on the 
application of h^at. It is the Butter of antimpny 
of jie. g^ejcUemifts, whicl^ was.pre^ 
ouft^induTf^a mo4p8 of qomljiiJingtbe perfe<^ <^4 
of aptioiony witth muriatic acid ; it is highly com>- 
£i:^if, |ig}l€sjfie^ on expofiire to the air^ and forms a 
tranfpareiit fdntioiji by the abfpiptioi^ of ^mw^i*^ 
bu^is jdecpQipofed by Ae di^ affii^fion oi^ w^ter^ 






^ r 
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The greater part of the other acids, thoi^h 
ui^bte t^Q^diffqlve antimony, are capable pf com- 
l3|i(ung.,^itn. its, oxyds, Jlie only^compouiid of 
thi^^lcind.th^t is .wplicd to .ufe» is the tartarite of 
antimony i the; preparation of which is to be af-. 
terwards noticed. 

•- • - -'■ »•• -t. .*.• ., . •: ., /5J , ^ >•. • v' -,*' 

. ^^tii^ony combines readily ^i^h fql|>hur by 
ful\i^pa|}d^prip,§ a compound fimilar tp j^c na- 
tive fulphuret. This native compound has been 
lyore opei^ted on by the phemifts than the pure 
metaU and th^e are fome preparations of it which 
require to be noticed. 

When 



Whcin tiative fidphuret of antimoi^ b ei^oled 
to heaty fuiphureovR fomes are difengaged, and 
wh^A thele ceafe, a grej powder remains, which 
is an im^erfeA oxyd of the metal^ ftill combined 
1»kh a fmall proportion of oxygen. If this powder 
be ea^fed to an intehfe faeftt, it is vitrffied, and 
forms the g^fi of animany^ 

The liietal is likewife oxydated by deflagrating 
equal parts of the native fulphuiet and of nitrat 
of potafli, the fulphur being converted into ful- 
phuric qv fulphureons acid, and the metal into an 
imperfed oxyd, which, from its yellowifh brown 
colour, was termed the Saffron of Metals t when 
the nitre is deflagrated, not with the fulphuret of 
antimony in its natural date, bat after the fulphur 
has been almoft entirely expelled from it by heat, 
the metal is more highly oxydated, and forms the 
njohite oxyd prepared by nUre. 

When fulphuret of antimony is fufiKl with an 
alkali, or when an alkaUne folution is boiled upon 
it, the metal is flightly oxydated^ and the oxyd is 
diflblved by the alkaline fulphuret If the folu^ 
tiou is ilrained white hot, a red powder is dep^ofit-^ 
ed, formerly termed Kermes Mineral^ which is an 

hydrogenated 
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hydrogenated hydro-fulphuret of aiitimonfA l£ 
ap acid is added to the folution, it combines with 
the alkali^ and throws down a red precipitate, the 
precipitated fulphur pf antimonj, fimilar to the 
former, and differing from it only in containing a 
larger proportion of fulphur^ 

The laft ptbportioh of futphuret of antiihohy is 
that obtained by expoling it to heat with powder- 
ed (havings of bones or horns, till the fulphur df 
the one is expelled, atid the animal mattet of the 
othei* defttoyed. It is further fubjefted to a ftrong- 
er heat in a covered crucible, by which the antr- 
ttlony is more completely oxydated, and combined 
with the phofphat of lime. 

Antimony combines with phofphorus ; th^s 
compound has the metallic luflre, and a lamellat-4 
ed fra£ture« 



Antimony comtines with nearly all the liid- 
tals. The principal alloy of it which is applied to 
any ufe, is that of which printing types arci made. 
It confifts of 86 parts of leid, aiii from 15 to 2$ 
of amimony, with frequently fmall proportions of 
bifmuth and zinc. 
Vol. II. ' SeSt. 



1:_ 



' , 



{ 9« 1 



I* . mktti M ^ t at^k mm 



StB.:sa. ~ ^ Nt^KMi. 



Jt 19 difficult to ohtam Nickel free froin other 
metallic auxtures. When in its pureft date, it is 

of a white celour with a fhade of red ; luftre 3.; 
hordnefs 8. ; it9 fra^re is compa(SI;, and it pofiefles 
a degree of malleftUlity; its fpecific gravity yaiies, 
according to its more perfed lufion, from 7000 to 
9000. ' When in it^ greateft degree of purity, it is 
attraded hy the magnet, and is likewife capable 
of being rendered magnetical. 

* 

Nickel has been found, native, alloyed with 
iron. Its oxyd alfo occurs native, gefierally cf- 
llorefcent on other nickel ores, fometimes indurat- 
ed, and even cryllallized. Mineralifed by acid of 
arfenic, it is found in amorphous mafles of a pale 
grey colour, without luftre or tranfparency. The 
moft abundant ere is that termed Kupfemickel, 
which is a compound of nickel and aifenic, with 
fulphuret of iron, and fometimes pobalt or coppen 
It is of a copper colour, inclining to yellow or 

g^7J 
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gn^ S its luftre imii^, imd its hardnefe fucit 
tiiat it is with difficulty fi:tatcb<id by the kaife. 
To obuin the nickel pare from this laft ore, it is 
raailed, ta ifrire off t^ fvlplliir and arfi^ic, and 
tke QXjrd is tedaasd by ^»g^ it ttritb a mixture of 
Uad( fltot and fisa fait, {t is ftiU combined with 
arfeotc^ cob^t, and ii^ i to free It £(«»n wfaiefe, it 
iatejpeatedlyxsydated and induced, though. it is 
9aanmi4y 0Ssi^P>^ Qbtai» it perfeaij pure. 

. Hiokd ianttihrfy a$ infuftble 9B erode inm, and 
is more difficiUt of oxydatioo. It fiiffers thig 
fihangei however, by eicpoQng it for fome time to 
heat with the accefs of air, and xskqvp completely by 
Imtiag it witli lutrat of potaflje T^ oxyd is of 
a ^cen colour,. 

Sulphuric acid, affifted by heat, o:(ydate$ jmff^ 
diflblves this n^tal, the folution aflbrding, by eva« 
p0pation» gceen ciyftah. Nitpc acid diflblves it, 
wA aJKMrds^ the ftme coloured ctyftab, dT a rfaom- 
b<Mdal form, Mtinatip m:td, when heated on t3ie 
metal, latewiie tdces up part of it, the folution af- 
fin^din^ by evaporation, cryftais, fimtlar in colour 
md form to thofe of the nitrat* All (hefe folu- 

tiaBf y^ 4wwPfQft41y th e < tl|cnfa. Poutfo^nd 
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(pda tbrow ddsm » greep, ammoma a blue precis 
pitate. 

Nickel combines with fulphur hj fiifion« Tlie 
compoiuid has a yellow colmif with, fome ImUian^ 
C7.^i$ brittle anci har4- It is. diHblxed by the aL* 
k^ne fulphurets. With pbofphorus, it fonns a 
compound, of a white cdbur and looderate fiifibi* 
lity. It Gpqibines with a nua^r of the othes 
metals, but none of its alloys hav^ been applied 
to ufe. lis oxyd^ give a i^acinthiae colour to 
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Se£^\Xni. — T~ Cobalt* 









This metal^ when pure, is of a fteel*grey colouf 
with a tinge of red ; . luftre 3. ; rtpctuie cwipsuBt ; 
Ijaidnefs 8.; fpecific gravity 7.81 !• When in the 
pureil ft^te. in which it caa be obtained^ it is pbe« 
<|ient to the n^a^et^ 

Cobalt is found alloyed with arfenic, with or 
without iron or nickel ; the Grey cobalt ore is of 

this 
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tUskind. The Whke cobalt ore Uihe metal mi, 
neralifed by fulphur, with or witbojat arfcnic or 
iron. Jn the Red cobalt ore, it is mineralifed by 
the arfenieal acid. The native oxyd likewife oc- 
ours, generally in a ^powdery form, of a black» 
brown^ ot yellow colour. AH thefe otes are eafi^< 
ly difeoveared by: their commnnicating «. rich bluck 
^our to glaiies, and, by their folution in acida^ 
£bxxmng:.iyixipath^c.inks, lines traced.with them: 

beGoming ;green on expofure to h»t^ 

» - » -,■ ♦ . • • 

In the large way, the cobalt ores ardroafted^ to / 

expel the fulphur and arfenic, and the npietal is 
obtained* oxy dated ; in whidi ftate it is ufed in 
the aits. It forms the 7!i»affre of commerce, which, 
when fufed with filiceous earth,, forms Smalt.^ 
Cobalt may be obtained by mixing zafTre with 3 
times its weight of black flux and a fmaU quanti-* 
ty of fea lalt, and expoiing it to a very ftrong 
heat for fome hoars ~ ^ metallic button will be 
&und at the bottom of the crucible. 

CSobalt requires a v^vy intenfe heat &r its fu« 
fion, niearly the fame as that necefiaty to melt call 
iion. When heated in contafl with the air, it 
9X^dates a,t ^ temperature lower than that at 

whiclj 



whsdi it mku Ita oxyd is c^ a ^ep blue «tff 
kur^ and it gitts a fimiJar cc^our to gk&^ 

Sulphuric acidf bcoled upoa c(rf»alt« ^SSEoktt^ a 
portion of it ; dsDe^cdiftioo aflfords» br)r eraporation^ 
ei}tflals of tiie feme colour. Nitdc actd difibhm 
k, and the £alutioa yields reddifli deHqoeCceiit 
cryflalsr The muriatic acid^ evea when affifted 
faj heat^ a&s. verjr feebly on cobalt ; the oxygen^^ 
ated muriatic^ or oitroKumriatic, diflolves it with 
fecility • The folution of muriat of cobalt changes 
its colour to a green when heated, and from this 
property is ufed as a fympathetic tnk^ letters trac^ 
ed with it upon paper being invifihle until the p^- 
per ifl heated^ It is prepared by difiblving i part 
of cobab^ or r^ of zaffiv, in 3 parts oi difartcd ptri^ 
acid, mtik the a£^ftanc^ of 1^ moderane hestf:, ilifait^ 
iHg the folurion with 04 parts of TIH^fr, andaddfi^ 
ilPg one part of n^liri^ of jMa, 

Ammonia di&lres the os^d of cobalt; mA ae? 
quires a deep red colour. In this combination it 
has been iuppofedthat the cobalt^ or at leaft a pdr- 
tion of it« is not merely aa ooi^ydi bi4extfl»^ ia Ite 

ftate;Qf an acid. 

Cobalt 
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Cl{>balt tismbines with fiilpbur by Mon^ but 
tf&f In iHc^ifideraUie qy»itity. Tht dkaliiie ' 
fi^tittfees d^It^ it It ^fik^i with plwQdioVift, 
^orfiHng ft brktie aii^ iuft>k c^ Itiuiilfs 

With vSSL the iiiet&Ii^ i^«, tti«l^(^, Idaid, tod bif- 
muth excepted ^ bltt tiehe <>£ il^ ^oys jfre it] 
to any life. 




$ea.y^.^ — -^ mangamibs£. 



MJkK6AAiiss is of a ^yiffa wUte colour ;. Iafh» 
5, winicfa tarhiStes qmckfy tm txpdhit to tiie atr ; 
hardnefii 8^ ; fpecHKc gravity €Ji%6. It is vety 
umVerfidLy difiofed, being found not only in the 
imitfa in yarious fonns^ biit in the aifaes of many 

V 

vegetable products* 

Hie native oxy d dT manganefe is fts m<)ll a- 
buhdanit ore ; and ftom the Various degrees of ox« 
ydkticft ih #lMfch it exifts, aiid its iniiture With fo- 
reign ftAftances i!s found in (Bflfewnt ftates, with re* 
i^ed to c<dour» texture, form, and other properties. 
It occurs both amorphous and cryftallized ; has an 

Earthy 
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. etathy texture, and gener^y a brownilh drbluel-' 
:ilh black ccloun^ Sometiines the native oxyd is 
,<^oinbitied with carbonic acidi fi>rming two varie- 
, ties of the native carbonat, the white an4 the red r 
tfaefe likewife generally contain a large portion of 
, ^ceous earth and of oxy d of iron. 

It is extremely difficult to reduce the oxyds of 
manganefe to the metallic ftate, and itill more fo 
to fttfe it into a metallic button. It can hardly 
even be obtained but in fmall globules. . When 
thefe are expofed to the air, efpecially to moid air^ 
their colour tarnifiies. they fplit and fall into a 
black powder. This change is afcribed to oxyda* 
tion of the metal; yet it has been affirmed, that 
there are other fpecimens of it which remain per* 
manent in the air. By heating it, however, in 
:conta6t with the air, it is oxydated at a tempera- 
ture very far below that which is neceflaty to 
melt it. ' 

In thefe oxyda|jions, the metal abforbs differ* 
ent quantities of oxygen, and the produ6t varies 
in colour ancl other .properties. There feem, how- 
ever, to be, ftriiJUy fpeaking, only two oxyds of 
manganefe; one, which is preciditated fromvits 

folution 
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^bMB{tli»'$Ki4B ib^alMi^ 19 wm^ and lirbictt^ 
Accoqitiig-to tbe QitpciMWQts of Jterjjstgt^ eoofifti 
df j20 of oirjgeR with 80 $i Jtomsi^ tbe cither, l^ 
bJbuDki &irsied by o^f dukia ef the ^dtsU hy hsm^ 

asii mimk wo^^im ^ pattB of owfgm m ^» 

loo. FiTQin the imeiixiixture of didSii^ oxyds zot 

obtained of cyery intermediate colotir. The at* 

4»aBm 0f the metal totl^iotj^nm the firH 

fiate of 0xydaitkni k ^extfetrldLy firoag, (rsbpemiti 

peibaps/ to tlist of any other snetsd:^ bat the ad^ 

•ffidon&l qsiMtaty dotzibiiied wkfa the white oatyd 

. to confttttite ithe black, ' is retiikidl'by -£0 weak an 

-^asttaBwa:^^ tiat it efes^^ at the tetaa^iatiire o^ 

i%efe iiraoi^i^ ai^ ^emitlf itiFd^ V ^^ 
HM^s, If t& any 6f <&e perfed acids, ^ fifaefuil- 
^^iifttrie oi" fritric, the bhtek oxyd be added, h re- 
inains dndHfeWe^t hut if any iafiammable mat tet* 
be added, the Itiltttion comitieitces, as this mattet 
aURb^ads part of the oxygen dt the acid, and this 
again part of tht oxygen of the oxyd/ i>y which 
ft Is i!e«dered fduble in the acid. In the fame 
manner^ tfie black oxyd is fcluble in the ftdphurc* 
ous or nltrbus add, and ^e white oxyd in tte 
¥oiL,04 F fulphurid 
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fulphuric cr nitric. Tlie black b likewile capable 
of combining with the muriatic acid, as part of its 
oxygtn is abftradled by one portion of the acid^ and 
oxygenated muriatic acid formed. Thefe fads 
fliew, that metallic oxyds muft be in a certain ftate 
of oxydation to be foluble in acids, and that an 
excefs of oxygen may render thcni infiduble. 

phuric acid, dr the fulphat of mahganefe, is fol- 
uble in water, and eafily cryllallizable. The ni- 
trat of mauganefe cannot be obtained in a cryftisd- 
line form; and the maft, to whidi it is reduced 
by evapomtion, is deliquefcent. The muriat like- 
wife forms, by evaporation, a foft deliquefcetlt 
mafi. Thefe compounds are decompofed by 
the alkalis, and the white oxyd is precipitated. 
The fixed alkalis are likewife capable of com- 
bining with the black oxyd. This combination 
is obtained by expofing to a ilrong heat one part 
of it with two parts of potafli or foda. When 
the compound is diflblved in water, the folution 
has firft a green colour, "then a purple,- and laftly 
a red -, and by the addition of a fmall quantity of 
nitric acid, it is rendered colourIe&-~changes owing 
to variations in the degree of oxydation of the oxyd. 

Manganefe 
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Manganefe appears to be incapable of combine 
ing with fulphur. Fhofphorus combines with 
it, and forms a compound of a white colour and 
metallic luftre, brittle and fufible. To carbon, , 
the pure metal has likewife an attraction, and it 
i$ indeed difficult to obtain it uncombined with it« 
From the difficulty ol obtaining pure manga^efe, 
and its extreme infuiibility, it is not eafy to com- 
^ne it Fi|h tlie otba? me|als, ari4 f^F c^its aUoys 
are, known. Iron feems to have ^&tqtig.atffBfi^ 
tM>n to it, as they are often fptmd oopbined in 
nature* , . ; 

■ « 

^ ' «... 

» , • , • • . . ... 

Tte oxyd of mani^nefe is capable of uniting 
by fttfion with the earths, and in a large quantity 
it gives a violet colour to glafs* The ufe of It in 
imaller Quantity is of great ufe in the art of ^a&- 
making, to render the glafs more free from colour 
t^bux it would otherwKe be ; this it does by part-* 
mg with its oxygen^ and thus deilroying any in- 
flammablei matter in the ingredients, and by com* 
plet^y o^Tdating the oxyd oi iron, whUe it v it- 
^If changed to the white o^d. In pottery it is 
liff^.to^ive jtb^ war^ a ^ack colour. 
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AksbM^ & d iti«tal (^a blfte^ o^tour, witiit% 
metallic luftre, which quickly ^miifhes qa expo* 
fure to the air, it^ cobur becoming grey, or 
l)lack. Its texture is foliated ; it is very i3^»4X6^ 
v^ithout much hardnefs; its fpecific gravity h 
poked vaciqufly,— by Bergi&aaat:83io^by'fiHIK»i 



This xHetal i^ ibmitimer found native^ alloyed 
inrith ir<m, filver, or geld* In the fiitfe of i^xyd* k 
kmeti^ith in a powdery form^ iik fra^nents vbmc 
pr le& indurated, and even cry ftaflized; CombliiHi 
cd with fulphur; it foums two or^, Orf^eat^mA 
Kealgar^-fhe fernaer beipg of a yellow,: the tetter 
cif a red colour^ the ovfritoent edotftlni^ mudi 
more arfenic than tlie otfatf. The ar&nieal cm, 
termed Mifpickel, is a fpecies of pyrites, or com- 
|K>und of iron and fulphur, to which arfenic is 



Arfenic 
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its ores, is always obtafaied in tlie ftate of: ooryH ; 
tiie iutt is to^e4, and the 0xyd of. arfisnic Imn^ 
v«3atile, pafles ofiPiii fames, vridch ccmdenfe ia the 
cluimney of the f^smdce i>$to a white pow4ar,coriw 
moTily knowti hy the name of Wfait)e arieoic;> 
When this 0siyd is made imo a paile with oe)m% 
men foap, and expofed to a moderate beat, k h 
faitteedi aii^. the m^tid^ h^^ volatile, ist iublimi* 

eoi* ' 

I » 

K '' ' .... - . ,>.i> 

This great degree <^ vdnGSty di^gttiihw 
tilifiUio from the other metals : it fublimes in clofir 
Tdfl&ls when heat<^ to 356 dF Fahrenheit. Wl^ets 
heated wif& iht acc^fs of atmorpheric air, it is^oat^ 
f6ku^^ with facility; and when the temperature 
is that of ignition,, it bums vn^ a %lue flimier aai^ 
emits fumes of a garlic fmell : thefe confifl of the 
viiatt:0ixjdr whkii* is eafilyt cosdenfed. Tliis 
QQ^d is) Yolatililed with; fiuu^ty : it has a iharpr 
caoftic tafte, and it iblaUe in water : its folutioor 
in bcniing water even afibsda cryftals on cooling^*-* 
pteperties wliioh ihew that it is nearly of afaliao 
Bttture^ By :a fuither oxygenation^ it is C0tt« 
lte%widified« 

The 
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no ARSENIC. 

Hie imperfed oxyd of arfenic is not diflblyed 
but in. very minute proportion by fulphur^' acid. 
Nitric acid communicates to it a larger propor- 
tion of ^ygen, and acidifies itj fo that a nitrat of 
arfenic xan fcarcely be obtained. Muriatic acid 
difiblyes it abundantly, efpecially when aififted 
by heat ; . the oxygenated muriatic acid dilTolyes 
k with ftill more feciiity ; and if the filings of the 
metal be drppt into this acid in its gafeous flate, 
they are inflamed* There feem to be two com- 
binations of oxy d of» arfenic with muriatic acid ; 
one.| in which the metal is more oxydated than in 
the other. The Oi^ygenated Muriat of Arfenic, 
as it has been termed/ is concrete, of a foftcon- 
fiftence, emits fuffocating vapours, imbibes moif^ 
ture from the atmofphere, and is d^cgtnpofed by 
the a^fion of wat?r. 

• , ' .■ . , ■ . • 

Oxyd of arfenic is capable of combining with 
the fixed alkalis by f ufion ; it is alfo difiblved by 
their watery folutions when affifted by heat— 
This faturated folution, is thick and tenaceous, 
and emits fumes of a difagreeable. odour, fiippaf- 
ed by fome to be arfeniated hydrogen. Ammof> 
nia and lime water, by digeftion on this oxyd, am 
able to diflblve a portion of iu 

Acid 
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Acid of arfenic is obtained by diftilling nitric 
acid from the white o;syd ; a large quantity o£ 
nitrous gas is difcharged, and the acid of sudfenic 
remains in a concrete form. £^xpofed to the hedt 
of ignition, it is fufed without decompofition ; 
but hyi a more intenfe heat, part of its oxygen is 
expelled. It is foluble in twice its weight of wa- 
ter, deliquefces, ^reddens the vegetable colours, 
aiid has a cauftic tafte. 

This acid is capable of cornbiping mth the al- 
kalis. Saturated with potalh^ it forms a fait which, 
by evaporation of its folutioh, aflfords rhomboidal 
cryflals : 'with foda^ it afibrds a fait which con- 
cretes in odohoedral cryftak, that eflSorefce on 
€xpofure to the air : with ammonia, it forms a 
compound, likewife capable of cryftaUization, and 
v^hich is eafily decompofed by heat. It combines 
with a number of the earths and metallic oxyds; 
but thefe combinations are unintereftiiig, and 
have been little examined. 

Arfenic combines with fulphur, and its oxyd 
and acid are decompofed by the inflammable fub- 
ftance. The metal, by fufion and fublimation, 
unites with the fulphar, forming, according to the 

proportions 
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;]^portiom^ compoaads of a xed or ye&ow' colour « 
fimilarto the native orpiment and realgar* When 
the oxyd w acid is heated with fnlphur, the Ail« 
phur aftrads its oxygen^ and iulphureous acid is 
4ifeli^aged. The alkaline fulphorets are }ikewi& 
capable of delving atfenic and its oxjds ; ai^ if 
to tbefe foluticHQs an acid be added^ a compound 
of Myi vi arf€«ic apd fi^lpburated hydrdgen |s 
precipitated. 

# 

fikofpliorus Goaaldnes with arfenic^ atid fonns a 
comfK9iud» of a biadk: colour and metalHc hj&xt^ 
Vhiofa is osiydated by es^Kafure to the air«. 

iMfewc combines mA aUnoft all the metal^^ 
It Ims in general been ob&nred^ tlutit it raiders the 
diK^Ue metals brittle, and thofe thataie ttGauSto^ 
<y in tJbe fire tnoie foitiie. Of thefe alloya, that 
w^ copper is aliaoft tbe^oaly me that is applied 
to any nie. it is of a white <H)loiur, flexible and 
malleable, admits of a fioe poliihy a»d is £requent« 

ly ufed plated with filver. 

- • • • . 

Oxyd of arfenic throi^ down from a iiiduCicm 
of fiilphat of copper a preciintate of a fine green 
cdour; Itisl^e arienical oxyd of copper^ and is 

ufed 



wiwib tfa^ prefeoiBe ef ai&ni0 tnifj be dete^d jt 
Qtbers are». thfc 6imii, and garlic odour wfaich it 
diffuf ^ wfaeiL liulr i]^ a hot hioii^^ its^ effetSb^ ia 
vliiteiiiBg ft copperplate! trheh mixed wit& tfaei 
blaclt flux ttod ezpbfed to beat^~Qjb its ceduftioifc 
aiid fid^matioaiv b^ a irarjr modeiAte heat« wiieoz 
j^viouilj mixed wkh tluree timeit itsi Weight ^ 
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l^ir« native Mili^«£do of ttie oxjrd or aieid ct# 
tbis metal with fulphur is ib Amilar^ in federal ^ 
lis properties^ to plumbago, that they were long 
Qon£Mli«ded. as ifiupiedes d the ianie fUbftance^ 
Sdbieefo fl^ew6d> thbt a pecufiar metallic add 
might be obtained from it; tmd ktter chemi^ 
l»v6 fiicceeded in reducing this acid to the me« 
ti^ ftate*^ This^ natives fulpburet, wfakh is the 
oa^ ot|i dTthe m^, is of a light gr^ coledr, ita 
fiir&ce is (mootlt and unduous, its texture lami« 
Voii.IL <3L natcdt 
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Bated, and fo foft that it foils the fiAgers. From 
its great infufibiUty, and the ftrpng attradioav 
between its princ^les^ the pure metal cannot be 
diredly obtained froQi it. : If x^pofed ,to a ftrong 
heat in contadt with the air^ fulphureous f umea 
are difengaged, and tl^e^ . oxyd of the metal re-> 
mains ; or if 30 parts of nitric acid be diftilled 
firom it, it is combined with as maeh|.o^gen as 
to form an acid, which remains in a concrete 
Hate. 

^ *^ 

Few chemifts have fucceeded in reducing the 
oxyd or acid of Molybdena, owing to its great in-^ 
fulibility. It has been obtained only in finall 
metallic globules. Its isolour is white, with a 
yellow fhade ; its luftre inconfiderable ; its fpeci- 
%: gravity is firom 6.000 to 7,5oo,t Xti&oo^of 
the moft infufible of the metals,. ; . . ,. , , .. 

Molybdena is capable of various degrees of ox* 
ydation, not lefs than four, according to the ex-* 
periments of Mr. Hatchet : the loWeft conftitutes 
a black oxyd; the fecond, a blue; the thirds a 
green ; and the fourth produces a concrete of a 
yellowifh white colour, having acid properties. 

In 
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Bt th6fe different ftates, the iiietal has not a veiy 
fUtong attraAion to oxygen; in the acid com* 
pound efpecially, it is fo weak that mere expofuie 
tb fightr paffing tiirough it a cuttent of hydrogen; 
or digefiing it mth any of the metab, changes its 
colonr to a Wue by partially de-oxyd&ting it, 

^' The iholybdic. acid poflelles all the general 
Mid properties. It mdts and is decompoled by 
heat ; it is foluble in about 750 times its weight 
of water ; it ii alfo foluble in the fulphuric and 
muriatic acids. It combines with the ^alis and 
Earths, fonning . falts termed . Molybdats ; and it 
0xydates fereral of l&e acids. , Thefe combinsu 
tions hare not l)een particularly examined* 

- Molybdena is capable cf eombhiing with a 
cumber of the metals by fufion ; but ita alloys 
have not been ap]^lied to any ufc. 
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'Piraxit. tine ttame of ^n^fleo, 9 fuhBamet Pmu 
known to n^iiienilogifts, which was nfter totm 
time difeovered to qpnfUl of Mpoe, com^ned mtiii^ 
a peculiar mot^Iiic oxyd <»- ^»d* Thb brnm me« 
tallk principle was ^iterwanis dtfcomed, oahed 
jmBi iron and mangane&, 4ii aomiMKr ipfaien^ 
termed Wol&am. Thefe two fiibftanfieSt the|ie« 
fore^ are ores of one ixietal. The fitfi, the tung^ 
flat of lime, occurs maifive, difleminatbdy and 
i^yftallized, p^lbffing a moderate ^lare of fuftre 
tnd faardnefsi it contains firom f a td 30 paits-^ 
lime in the 199. The fecond likewifd ocenri 
both maflive and cryft^Ilized, having a metallic 
luftre, a foliated textuve, md ^ confiderable de? 
gree of fpecific gravity. It contains in the ioq 
from aa to 32 parts of manganefe, «and 11 or 13 
of oxyd cf iron. 

Prom native tungflen the metallic oxyd is exi- 

^£i:fd b^ dij^eftiuj^ the mineral reduced to a fine 

• powder 
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fowdtx in 3 p9sm<^ nitric add, xriien n yelka^ 
pQiwder is depofited. This, to ofataki k poxCf 
is digdted widi ammonia, witfa wfaidi it coow 
bines, and is again precipitated by nhaic actiU 
From wolfram it i$ extraded by boiling the rnini^ 
ral with muriatic acid, which difibires the iron and 
manganefe, and leaves the fame yellow powder,i 
This may be reduced to the mets^Hk ftf^t«^by eac^ 
pofing it, made into ^ pafte with oil and ch^rcoal^ 
to an intenf9 heat for two hours. Metallic grains 
^re thus obtained which cannot be fufed into 
armaft of m^ bulk* The met^ tppeiiss nf.i 
gsejpiih cdoar, is exceediogiy bard and hrittl^i 
md hBs« fpedfc: i^Tlty eqqal to <$678r 



The yellow matte? ^xm -which the ittguime 

tungften is obtained, is taftelelsand infoluble Ja 

vilser« It combines with the alkalis and fevjferal 

ef the earths, and has brace been ccmfidered as an 

Mid. When freed completely from the acids em-< 

ployed in its preparation, it has, l»weyef , no acid 

property ; and as there are other oxyds capable o£ 

combinkig with the alkalis and earths, it can per« 

baps be confidered oidy as an oxjrd. ]^eilber the 

(^d noi! the toet^ Im been applied to my ufe; 

bm 
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buCsur itSitoxjdated fiate it has been propped as 
aibafis for pigments, fitice the <x»»pounds "which 
iti'foraisMrith vegetable colouring n^t^r hav^ 
Ycry permanent colours^ 
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This is a peculiar metal,iately difcoveied by Kla- 
proth. It exifts in the mineral termed Pech- 
blende, ce^ili^ed ,with folphur and a poi^tion of 
iron, in Chdcolithe, united with carbonic acid, 
r- and in uranitld ochre, mixed with oxyd <£ itbn. 

•'The tayd cf uranium is^ of a lemcJh yelfo# 
colour ; it is infiifible by htJlt ; igtiitioti chaiig€s 
its colour to a brownifh grey. When ixii^^d with 
carbonaceous matter, and urged by an iiatenfe 
heat, metallic globules have been obtained. The 
colour of this metal is ftecl grey, with little luitte; 
it& fpecific gravity is 6.440 ; it is fufceptible qf a 
fii^is polifh, and does not tamiih on expofure to 
the air. By heat it affords a yellow oxyd. 

Nitric 
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l^is is likewife a newly difcpyercd met^^. * It 
W^s firil noticed, by Mx;^ Macgjc^gor^s pi^fting, ift. 
t^e ftate of qi^yd,; mixed, with iron, .maqg^^^i^ 
and filiceous earth, in a greyifh black fan4t ^ipdu 
in the vale of Menachan in CornwalL and: tbence * 
named by him Menachanite ; and it Jias. finoe 
been difcovered by Klaproth, in an qre mmed 
titanit, in tht JiderQ-titaniu^, ^d in the ned fiphod \ 
of Hungary, In thefe it exifts in the flate of ox* 
yd. This oxyd is of a red colour, and when par- 
tially 
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.X. Uitiic #cid #xydate8 : and di^lres cdiis tmetd c '} 

fill^ucic^. muriatic, apid other acids qmibiiie v^&l 
it3. oxyds, and afiord falts which cryilallizse;^ Its^ ' 

oxyd is incapable of combining with .the ftUmlis^'^ 
by wfaie;h it is difiingiUihed from , tliat of tung* 
ften ; but it difiblves in the alkalme ci^bonats^ 
and by f ufion it may be combihed with the eartfe@« 
Both the metal and its oxyd feem^capabk of comr : 
bining with fulphur* Its relations to the different 
metals are not precife^. known. 
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Ue fiibftances, up of a jrilowor btue. It is v^ 
^Knd, is ikifufibfer is fduble With th0 aiiftiisioe 
of bMt ill dy/u^d fulphudc, m Msdc aod 
Hmriatic acids, and a^d^ gdatinbus fdudodS^ 
vibidi yeikl cr^ftals by ^ntaneoos rtrsvfMratioo^ 
bot aiie discoiDpofttd by bailing;^ Thele foh^o&«« 
aie dttc«>m9ofed> by jthe alkalis. Brui&atpffKU)^^ 
tfamws down a greea precipitate^^ (he Gallic add^ 
one of a browniih reil^oloin:* 

V EJaprotb was urahle ta reduce this ttietallic 

Gxyd. Vauquelin, by expofiog it to a ftrong heat 
^^r^ with d^trt»tr flwvs, gbferyed i}^49 dSsmft a me« 

tallic appearance \ but the metal^ when reduced^ 
appeared to be volatilifed. From a few metallic 
grains obtained, it was found to be of a red yel« 
l&w colociis and cry^lhae texture j Imktile, afid 
tttreipe^jF re&a&ory. It has not been found cap** 
able of uftitin^ with any ef the -other mets^^ iron" 
necepted; 
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l^His is another new metal, difcov^red by H^ 
ler and Klaproth. If exifts in an ore of goUki 
wtfich was foi:merl7 named ofi^rum prohkmom 
ticunif and in feveral othet gold ores^ firom 
which it is eafily extradcsd. Its colour is white 
or greyilh, With a confiderable Ihare of luftre ^ 
its texture is lamellated; it is brittle; is much 
difpofed to aflume a eiyitalline appearance on its 
furface $ its fpecific gravity is 6.115* It is one of 
the moft fumble metals, melting |s eafily as lead t 
it is alfo eafily TolatilHed. When much heatod* 
k bums with a blue flame, and is oiiydated* 

» 
The oxyd of telluriutti is white, but beecMne$ 

JreUow on expofure to heat, and by a moderate 
heat is volatilifed. tt is very eafily reduced by 
heating it with inflamnuible fubfiances^ 

; Tellurium is oxydated and difiblved by the ni« 

trie and nitro-siuriatic acids. The faturateld folu«i> 

VoL.IL R tion 



•» y 



122 TELLURIUM, 

tion in the latter is decompofed by water, which 
precipitates the oxyd* TSie metai is iikewife f6* 
luble in fnlphuric acid ; the folution acqtnres a 
fine red cc^ur, which b loft, either by heating it 
or adding water. 

* 
The alkalis throw down a white oxyd from 

thefe folutions; the oxyd ]$ redUfi)lvted by an ex-^ 

cefs of alkali* The nsietal is precipitated by ii-odf; 

aam, tin, and antimony. * It unites with feveral of 

the^tbet metals, and amalgamates with metcuty; 
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This metal has been lately difcovered by Vltu- 
quelin. He . found it to exift in a fpecies of lead 
^ ore, the red lead of Siberia, and which, he hoid 
fhewn, confifts of oxyd of lead, combined with* 8. 
peculiar metallic acid, which can be reduced t^^ 
the reguline ftate« It is named Chrome from ks 
property of communicating brilliant clouts to the 
greater number of its combinations. Chromat of 
iron has likewile fince been difcovered \ and'the 

oxyd 
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CHROME- 123 

oxy4 ^r acid of the metal, it has been proved by 
Vauqueliii, ferves a$ the colouring matter of the 
ememld. ^ It probably exifts in bther gems. 

The acid of chrome, extrafted frbm any of its 
nftttre combinations^ is of a beautiful ruby red co- 
loHir, and in^cryftals of a ^jrifmatk figut^. ' Thefb 
aie foluble in-irater, and hlave a fhai^ ifaetullfc 
tt&f. It (SomhiTOs^'wkh tfre attalisf; $nd forms^ 
cryftallizabte felts of a ^goldax yellow coIourVil 
aUb unites with the different metals, and forms 
compounds diftinguiflied by the fplendour of their 
colours. Fufed with phofphoric acid, or with bo- . 
rat of foda, vitreous globules are obtained, of an 
emerald green colour. 



Amongft the acids, the muriatid has the tnoft 
rematkable adtion on it. When heated with it, it 
attracts part of its oxygen, a quantity of oxygen- 
ated^ muiiadc acid is formed, and the folution af- 
fumes a beautiful deep green colour, owing to the 
chtomic aeid having pafl^d to the ftate of an ox- 
y4» which is diflblved by the muriatic acid. The 
&me green oxyd is obtained by heating the acid 
by tbe Uqw-p^, in coiimd with charcoal. 

* 

Vauquelin 
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Vauquelin reduced thi$ acid by t xpofing it to 
a fttctng beat fcu^iaiide^ be44^ Mi^ ^^^^^^^^^ 
der : a metaUiq ma& inferior in weight to the acid 
is obtained^ It is of a greyiih colour, with bril- 
liancy, yery brittle, is fufed with diffiojUty, fixed in 

< 

the fire, and in cooling difppfed to cryftaUixe, 
Heated in contact with the air, its fur&ce is cok 
vered with ^ green oxyd. The nitric acid ozy** 
dates it ^ but to fparioglyi that in order to produce 
this change, it is necei&ry to difiil to drynefs, fiv^ 
or fix times fuccefiiyely, ao parts ^f the con;:eil^ 
trated acid from one of the metal 
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SARTHS IN 0£N£IVAL, 



In common langusigei the term Eafth is appfied 
to any fubftaiice which is dry, opaque, tnfipid, q£ 
a loofe texture^ infuiible, and of fparing folubility 
in water. In chemical language, the meaning of 
the term is more apprcfpriatdr It is confined to a 
few fimple fubftances, obtained as ultimate prin« 
qipW& in the analjfis ef the tarious foffils, not xne-^ 
talHc, afforded by nature. They are diilinguiih* 
ed by the following propertied : They are unin* 
flammable, and deftitute of the metallic fplendour 
and opacity, and are incapable of acquiring thefe 
properties ; their fpeclfic gravity is left than that 

v. 

of ^ to i; they are fpaxin|^ fi»lubk t& water ; are 

extremely 
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extremely infufible j are capable of coipbinij^g, 
with acids when they form neutral felts, and thjgy 
are likewife difpofed to unite with the fjxed aU 

kalis, with fulpbur. and phofphoru^ with metaJlip 

, ».■ ... ..• -■* 

oxyds, and with each other, either by fufien or fo^ 
lution in water* 
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Of thefe diftindive properties, the moft char- 
aderiftic is the want of inflammability. From 
this property, and from their poflefling a number 
of other properties, fimiiar to thofe of the metaUig 
oxyds, it has been concluded that they are metals 
already faturated with oxygen, and exerting tQ 
^that principle a ftrong attradion. Various at- 
tempts have, therefore, been made to reduce them, 

* - ♦ 

but without fuccefs. Though the earths are in- 
capable of combining with oxygen, fo as to exhi- 
bit the phenoniena of combuflion, it has lately 
been affirmed by Von Humboldt, that feveral of 
them, when pure and moiflened with water, ab- 
forb it with avidity ; but other chemifts have de- 
nied that any fuch abforptioa can be deteiJled by 
experiment. 

The earths are the moft infufible of any clafs* 
of bodies. Some of tttcm have been fufed, Hut 

only 
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only by a very intenfe heat ; and others have re- 
6&td every mean to effedl their fufion* Whcix 
mi^ed, however, with each other, they become 
more fufible,and fufeat a temperature which wotdd 
be unable to melt them feparately* This is owing 
to the chemical attradtion which they exert to 
each other, which tends to unite them, and form 
a more fufible compound. 

With refpedl to folubility in water, there is 
none perhaps abfolutely infoluble, but the great- 
er number require a very large quantity for folu- 
tiofa. 



All the pure earths are capable of combining 
with more or fewer of the acids. The filiteous is 
diflblved only by the fluoric ; the others are more 
extenfive in their power of combination. The 
compounds which they form are neutral falts^ and 
are denominated as fuch according to the principles 
of the new nomenclature. Many of thefe cgm* 
pounds retain the infolubility of their bafes in wi;« 
ter, others are as foluble as the alkaline neutral 
falts. They are capable of cryftallization. In 
general the force of their attradion to the acids is 
inferior to that of the alkalis, though tp this there 

are 



u^ two ftriking exceptions^ baiyted and ftroti* 
tites exerting much fuperior attraflions, and ht*^ 
tag able to deoompofe the great part of the falts 
with. an alkaline bafe. It is more generally tme^ 
that the earths exert a (Ironger attradion thati 
the metallic oxyds do to the acids. The folutions 
of the earths are not precipitated by the pruffiat 
of potaih — a property by which tjbey are di£» 
tinguifiied from tlie metals. Barytes, however, is 
an ei^^eptiooi as it fo&cs a prediNitation of this 
Jkind^ 

When the earths are fufed with each otheti 
with many of the metallic oxyds, or with the aU 
kalis* they form gla&s more or lefs tranfparenti 
and coloured^. 

The earths ate likewife capable of uniting with 
the alkalis, and With each other, in the humid 
way^ This fad, which had been kqown with 
refped to the alkalis, and, to a certain extent> 
with refped to the earths, has been more lately 
eftabliflied by Morveau. If mixtures of diffeient 
earths are boiled togeth^ m water, they unite, and 
change their qualities ; or if folutions of two earths 
in the fame folvent are mixed together, a precipi* 
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taie is in many cafes fonned, ftdm the two earths, 
iiy their fuperior attradlbn. Combining together ; 
and this combination is frequently fo intimate^ 
that it refills the adioji of an acid capable of dif- 
folving either of the earths in its pure ftate. 

Several of the earths are diftinguifhed by pof- 
ifeffing certain properties which charadlerife the 
alkalis. Barytes, ftrontites^ add lime, are conii* 

■ 

derably foluble in water, have an acrid penetrat- 
ing tafte, a£^ as caufUcs oii animal matter, change 
tlie vegetable colours to a greed, combine with 
oils fo as to form foap, ^re capable df diflblving 
filiceous earth, and exert an attraction to the acids> 
^ven ftronger than that of the alkalis. Thefe have 
therefore been termed Alkaline earths; and 
Vauquelin has propofed, that thefe three fub« 
fiances fhould be entirely transferred from the 
brder of earths to that of alkalis,.^a method of ar^ 
irangeitient which has already been adopted by 
ieveral chemifts. Its propriety, however^ is very 
queftionable. Of the above properties, the greats 
kt numbet,-^/uch as changing the vegetable co- 
lours to a green, combining widi oil and with 
adds, uniting with earths in iht homid way, and 
Vol. II. S with 
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with iilex by fufion,~belong tiot only to fever^ 
iiibflances ftill left in the clafe of earths, as mag- 
nefia and argil, but even'to a number of metallic 
oxyds : they cannot therefore be termed Alka- 
line properties. The three earths above enumer^ 
ated differ from the alkalis, and agree with the 
other earths, in their infufibility by fire, in form- 
ing with carbonic acid infduble compounds, and 
in being infoluble in alkohoL With the latter, 
therefore, they form one order, ambngft the fub- 
ftances compofing which there is a gradual tranfi-^ 
tion in adtivity from barytic to filiceous earth* 

There are at prefent known ten fimple earths, 
fikx, argil, magnefia, lime, bary tes, ftrontites, zir- 
ccm, glucine, auguftine, and yttria. The four laft 

t^ have been only lately difcovered, and in very in- 

^ confiderable quantity. 

9 ' Of thefe earths mixed or combined with each 

other, or with the acids, are formed the immenfe 
variety of foifils exiftirig in nature. The ftudy 
and arrangement of thefe fubftances forms the 
branch of knowledge termed Lithology, and con- 
. joined with the fttidy of the metals and their 

ores 
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ores, the more coiqprehenfive fcience of Minera« 
logy, ' ^ ^ 

The objed of lithology is to diftmguifli 9nd 
arrange the various fubances of which it treats. 
It is obvious that this muft be done from their 
properties, or |rom theb: chemical compofition ; 
and both thefe methods are employed by modern 
xnineralogifts. As many genera are formed as 
there are fimple earths : ev^ry compound foflilis 
referred to the genus derived &om the fimple 
earth which predominates in its compofition^ or 
which gives it the peculiar charaders of that ge- 
nus : fpecies are formed from certain ailemblages 
of properties in thefe fubftances ; and varieties or 
individuals are charadlerifed by peculiar proper- 
ties, either external or internal^ colour, form, tex- 
t:ure, denfity, hardn^fs, tranfparency, fUfibility, 
and relations to certain chemical agents. In a 
chemical work, the different genera of earthy fof- 
^ may thus be confidered afte;: the hiftory of 
tach pf the ^ple earths. 
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JSiLEX, or filiceous e^rth, is the principal conftitu- 
cat part of a very great number of the compovind 
garths and ftpnes, and the fand of riyers and of the 
fea fliore chiefly confifts of it. It exifts in great- 
^ft purity in rock cryftal, which contains 93 partsf 
pf it in the xoo, Wiien it is freed from every im- 
purity, it exifts in the form of a light white pow- 
der» infipid and inodorovis, atfd infufible in the fire. 
It l](as been coniidered as infoluble in water, but 
it appears, when in a flgte pf extreme divifion, to 
be foluble in minute quantity, and it is found in 
nature in fuch a ftate of folution. It is peculiarly 
diftinguifhed from every other earth, by its not 
being a<Sled on by any of the acids, the fluoric ex- 
cepted. In the way of fufion, however, it feemS 
to be capable of combining with, the boracic and 
phofphoric acids* 
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The principal chemical combination which it 
forms is that with the fixed alkalis. It unitei 
witK them in different proportions, and fotfxi) 
Compounds poflefling different properties. 

When one part of filex is fofcd tHth four parts 
of the fub-carbpnat of potafh, the earth wd the 
alkali unite, and a vitrified inaiV is obtained. %t 
has a fliarp cstoftic tafte, deliquefces on expofure 
to the air, and is folublc in water. The ft^ution 
forms what was termed UquorJSicum^ or liquor of 
flints. A fimilar compound is obtained by ufing 
foda, or by boiling the fokttion c£ either alkalf 
upon the earth. If to any of thefc liquors an acid 
be added, it combines with the alkali, the filex ts 
precipitated ; and it is by this procefs that it i^ 
obtained pure. 

When the earth is fufed with a finaller propor- 
tion of alkali, a compound is formed, pofleffing^ 
confiderable hardnefs, and great tranfparency, 
which is permanent in the air, and infoluble in 
Fater. This is the well-known compound, glafs, 
pne of the moft valuable produ<^s of att. 
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The eflential component parts of glafs are, 
potaih or foda^ and filiceous earth, in the pro* 
portion of 'one part or one and a half of the 
former tp two of the latter. Sand and the pot^ 
afli, or barilla, of commerce are generally ufed. 
After the ingredients are intimately mixed toge- 
ther, they are expofed to a ftrong heat, by which 

a femi-yitrified malsy termed, the Frit, is formed^ 
This is afterwards melted, and kept in fufion for 
ibme time, by which thie vitrification is completed 
and the gla{s is formed^ Jts tranfparency and 
other eftimable qualities are greater as th$ materi* 

. als have b^en pure, and according to their propor« 
tions. The lefs alkali is prefent, the more heat is 
ipquifite for its vitrification ; but the glafs is more 
bard, and lefs liable to \fe ^ter^d by^xpofure tp 
ait or moifture. The black ' oxy d of manganefe 
and nitrat of potafh is ufed in its compofition to 

' render it more colourlefs, and oxyd of lead is add- 
ed to increafe its denfity, and to render it mor^ 
dudile and fufceptible of a finer poUlht 

When glafs is in the ftate of fufion, it has a 
great degree of tenacity and dudility, and is thu^ 
capable or being wrought into any fhape. Tho* 
dv^e at a high temperature, it is extremely 

brittle 
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britde when cold efpeciaDy if it has been haftily 
cooled. This 'extreme brittlenefs is, to a certfiitt 
degree, remedied by the procefs of annealings 
which is merely <:ooling the glafs very flowly, af- 
ter it has been formed into vcflels. 

A branch of the art of glafs-making is that of 
imitating the gems, or the making of what are 
termed Paftes. The bafis of thefe is a very hard 
and pure cryftal, obtained by melting pounde^ 
quartz with atn^ alkali, with die addition of borax, 
nitre, and oxyd of lead, different metallic oxyds 
being likewile added to imitate the colour of the 
gems. When glafs is fufed with a large quantity 
of oxyd of tm, it becomes white and opaque, 
forming what is termed EnameL 



It remains to notice the various fofiUs exifting 

in nature, of which lilex is the principal confti- 

tuent part. Their general charaders are tranf- 

parency, luftre, and a degree of hardnefs, fuch 

that they ftrike fire "with fteel; but there arc 

many of them which do not poffefs thefe quali- 
ties. 

The 
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The gems, ffom their luftre and hardnefs, have 
fieen ranked as filiceou^ foffila, ^d the greater 
nuniber of ^m contain this earth as one of their 
conftituent principles. Their analjfis has not, 

however, been performed with that degree of ac^ 
curacy neceffary to render certain the reAilti that 
have been afic^ded; - 

Rock cxyAH is the nrft pure filiceoas fofill; 
It confifts^ aocordmg to the analyfis of it by 
Bergman, of 93 parts of filex, 6 of argil, and 1 of 
lime. It is always cryftallized, ufually in hexan« 
gul^ prifms, furmounted with hexagonal pyra- 
mids, tranfparent, generally colourlefs^ but not 
unfrequently likewife of various ihades, from the 
prefence of iron, when it fbims the falfe gems;* 
it is brittle, and extremely hard ; it is inf ufiblcj 
and is not aSed on by any of the acids, the fluo^ 
ric excepted : its fpecific gravity is 2. 653, 

Quatti differs froia "the former in wanting its 
tranfjfjarency. It occurs both iaihorphotis and 
cryftallized ; but its cryftals h&si€ always a de- 
gree of opacity, generally inilty, but not unfre- 
quently with various ihades of colour. It poflef- 
fes luftre and hardnefs, has a fpecific gravity near- 



r 



I ' 



t ♦ _• • » •- 



ly the fame as rock cryftal, and is equally infuiible^ 
but decrepitates when expofed to au intenfe hes^ft. 
Quarts is axi ingtedieiit ih many cdnlpound ftoiies. 

Chalci^dony is the filiceou^ foiBl moil analogous 
to quartz. There are feveral varieties of it. The 
common chalcedony is of a grey or brown coioui*, 
with various fhades of yellow, blue, 6^ green, iii 
niamillated, i^alaiSiticai oi* fpherical mailbs; its 
hardnefs con^derable j its fp^cifid gravity from 
i.^o6 to a.628. It in infofible but by a ftreaiii of 
oxygen gas. According to Bergman, it confifts of 
84 parts of files and 16 of argil/ with a fmall por^ 
tioii of iron. 

When chalcedony is dpa^Ue, and of a milki 
white colour, it is termed Cabholong; wheti efd 
flefh-rdd colour, ferai-tranfpareiit, arid aniorphous j 
it formis Cornelian } when ftained with drborifa* 
tions, Mochd ftones; Sdme varieties acquird 
tranfparency when plunged iii wate? : thefe ard 
termed Hydrophailes, or ocnbis mundi. The Opal, 
a ftone which exhibits glittering changeable co^ 
lours, blue, red, or green, Pitchftone, Girafol, and 
Hyalite, are fofflls of the fame fathily. 

s 

Voi«n« T Flint' 



Flint differ^ 6am chalcedony in having Ids 
Juftrc and tranfpareflcy. It is of * greyifh cwr yej. 
Ipwilh colour^ fometimes with veiaa, ftrqjies, or 
dots : its fradhire is concfaoidal ; its fpecific gra- 
vity from 2.5& ta 2^.64, It decrepitates -when 
cxpofed to heat, and is foftened only tJy the heat 
urged by a ftrcam of oxygen gas. It confifts of 
from 80 to p 8 of filex, with final! portions of ar* 
gil, lime, and oxyd of iron. Fetio-fileXn chert, 
or homftone„ is fimikr to flint,, hut is of a coarfer 
grain % has a fpliotery fra£lure, coarfer grain, and 
inferior luftrc^ tranfparency, and hardnefi. 

Jafper is a filiceous foffil, which exhibits great 
variety in its appearances. Its colours are white, 
mpfr yellow, red, and green, of yarious fhades, 
9nd intermingled with each other, variegatedt 
fpotted, or veined* It is fufceptible of a hitgb 
poUih, and when poliibed ha& confiderable fplen^ 
dour. In hardne{s» it is inferior to flint, hut it 

- * 

Hill ftrikes fire with fteel. It does not diecrepi- 
tate^ when heated, and is very imperfei^y fufed^ 
even by the heat p]X)duced by a fixeam of oxyg^ 
gas. The dark-coloured vade^es^ lofe a great part 
of their colour.-*-* Many varieties of the ja^r aie 
formed from its colojars, the nature of the varie- 

gatiflps 



—. , r ^-'- 



'. -^ 



gfttions oh ft* fijt&ce, at its miktute With quartz* 
or othei: foffils. Where it is coth|rt>led of alleri 
uatft bro^d ftH^jfes or layers ii? diflferent tolotitt, 
ftmight or curvtd, it is terme^-^ifeband jafper j— 
the variety which is found in fpheTOidaJ itiafles, 
and exhibits various colours, or (hades of the feme 
colour in concentric and alteriiating ihipes.ot lay- 
ers, is termed Egyptian Pebble. The HeBotro- 
^tti B much allied to jsrfper, and defers firo^ 

* 

it in poflfeffing rather more trftnfparehcy, which is 
apparent towards the edges of its fragmetit^ : its 

■ » • ' 

cbbUr is dark greeii, ftained with crimfoh fpdts. 
tt contai&s (^8 of illex, 15 of s^tgil,,and 10 of oxyd 
©fitoni 

tJndtt the imme o^ Agate, feveral fificeou$ fof« 
£ls are comprehended, concerii^ing the arrange^ 
ment of which authors have difiered^ In ftrid 
propriety, the ag^te does not form, a diftind fpet- 
tijss, thofe ^ones which have beep diftitiguifiied by 
this name being aggregates of others, forming a 
inafs of differeitt colours, femi-pellucid, and fu£- 
teptible of a line pblifh. Their more Common 
CQhftituetits are quartz, chalcedony^ flint, smd jaf- ^ 
jper, vatioufiy intclrmixfed, and forming a number 
of irarietie§, Thei^ is ftttother aggregated ftone 

compofed 
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compofed of filkeous fofiik, the Pudding ftone^ 
It is a' collediion of rounded pebbles, cemente4 
together by a filiceous matter intermixed witl^ 
won. It takes a fine poliih, qind poflefles a confi- 
deiable degree of h^dnel^. 

« * - 

Felfpar is diftinguiih^ from the preceding fofi* 
fils by iti fufibility in the fire. It occurs amor-^ 
.phoqs, interfpprfi^dy ^nd cryflallized ; its texture is^ 
foliated ; its colour is white, gr^y, red, and foipe« 
times blue or green; luftre incqnfiderable, an4 
hardnefs moderate* Its conftituent parts are filox, 
argil, fim^, apd magne£[ai . with frequently barytet 
and iron, and, according to Vauquelin, potaihi^ 
Felfpar is a very abundant foifil, not in its pure 
Aate, but as an ingredient in feyeral of the ^ggre-^ 
gated (tones. 

What is termed the Labradore Felfpar, thougl( 
much lefs fufible than the common, has been con* 
^dered as a variety of it. Its colour is grey witl^ 
a fhade of blue or green, but in certaip pofitions it 
fefleds yery bright tjnts of blue, purple, red, or 
green: its tranfparency and hardnefs. are nearly 
the fame as in common felfpar ; itsr texture is folir 
gtted —it occurs amorphous* The green felfpar of 

Siberia 



Liberia is fiifiilat to the above. V^uqueli^ fo^n4 
it to confift of 63 of filex, 17 of argil» 4^ potaib, ^ 
lime, and z oxyd of iron, ., 

Zeolite. _ This foffil is diftinguiflied by two 
properties, forming a gelatinous folution with acids, 
and fwelling or frothing up when heated by th^ 
blow*pipe» till it melts into a white femi*tranfpa« 
reot eoameU which i$ &jjl foluble in acids«. . It oc^ 
curs both amorphous and cryftallized ; has a lu& 
tee fomewhat pearly ; its colour is white, With 
ihades of yf^llpw or red, gre^niih, or even blue; its 
texture is generally fibrous or radiated,^ fqmetimes 
ilellated; its traufpareqcy 2.3.4.1; its hardnefs 
from j6 to 8 ; its fpecific gravity only from 2.07 to 
' a.2X. . By di&rent analyfes it is compofed of from 
48 to 58 parts of lilex, from 22 to 31 qf argil, 
from 8 to 14 of lime, and in general from about 
16 to 22 of water, 

Frehnite is fimilar to zeolite in luftre, texture, 
and fwelling before the blow-pipe, but it is much 
harder and heavier ; is of a green colour, and does 
Dpt gelatinate with acids. , 

fStaurolite occurs in f<;mi-tranfparent cryflals, 

of 
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iS ft white eolcfor ; luflre ^. j fe hard as to ftrike 
fire with ftecl, and brittle : fpecific gravity 2.355. 
Heated, it lofes part of its weight. It oonfifts of 
filcx 44, argil 20,«barytes 20, and water i6. 

Shod is of ft bkck colour, without tiftnfparen* 
cy ; hiftre 2. ; hardnefs 10.; fpecific gravity from 
2.92 to 3.212* It is found in mafles^of aii.mide« 
terminate form, or ciyftallized. By a ftrong heat 
it is converted into 9 compa6t black enamel. From 
the analyiis of it by Klaproth, it is compofed of 
files 54, argil 25, Ihne 9, oxyd ef iton 94 and 
jnagneiia i , It is found in mdjl primitive moun^ 
tains, and is an ingredient in granite, Tb& Tour* 
taalin is a fimildr foffil ; it differs frota the illorl 
principally in its cryftajs being tranfpa^ent^ and itf 
cobur tarying firom a dark browi) to a red^ greeiii 

ft 

or blue. ^ 

Garnet is of a deep red colour, fometimes vary- 
mg to brown, black, or violet ; its hardnefs from 
to to iz ; itslufti^ 2.3.; tranfparency 2.3. irj 
fpecific grftvity from 3941 to 4.00a. It is fufible 
by heat into an opaque dark ^ey enamel. The 
common red garnet confifts of files 48, argil 30, 
iiine xx,andironxo. 

Leucite, 
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X^U0t9t Q^ vibk^ garnet, is in fmftU cryftals, 
Opaque, and of a white colour* According to 
Klaproth, it contains fi|e$ 54» ft^gU ^5, and potaih 
fix)maotoa3» 



Obfidian, ot Iceland Agate, has £rom ita ^toSfy 
appearance been fuppofed to be of yolcanic^^qgii\; 
but this opinion is rejeded, as it has been found 
inhering in granite. It is of a deep black cobur, 
has a glofil^ luftre, with tranfparency equal to i ; 
its fradure is conchoidkl ; its hardnefs iq, and 
fpecific gravity ^*3A^ It confifts c^ &om 63 to 
69 of filez, from 20.5 to 22 of argil, and from 9 
to 13,5 of iron.' 
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Xiaiulite^ or lapis iMiM^ is a ftone of a rick blue 
colour, of an earthy fradure, opaque, having fittlc 
loilre, but fufceptiMc of a fine poHlh. By a ftrong 
heat, it is i\&di into, an enamel. According to 
KLlaproth, it confifts of 46 of filex, 14.4 of argil, 
»8 of carbonat of Birie, 65 of fulphat of lime, 3 
oxyd of iron, and 2 water. Morveau has ihewn, 
that its colour depends on a blue fulphuret of 
iron. 



Thefe 
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Thefe are tlie principal filiceousi foffiU^ ^i 
-is found in various other flates. It is depofited 16 
vegetable fubftanees, forming petri&id wood^jS^.; 
it is likewife depofited from certain fprings in a 
ilaladiticai form; it has been difcovered in feveral 
watfcts in a ftate of folution ; and it i& found iii fe-^ 
vend parts of vegetableSi 



SeSliJI. -— Argil, or Alumine^ 



^^ 



Argil, though abundant in nature, is hot found 
in a pure ftate, and is therefore obtained from its 
combinations. Any quantity of the fait termed 
Alum, which confifts of fulphuric acid united 
with this eairth, is diflblved in ao parts of water, 
and ammonia is added, which combines with the 
acid^ and precipitates the argil. The earth is 
wafhed with water, and dried. It is pcrfedUy 
white, infipid, and light, its fpecific gravity being 
200. It is fmooth and unduous to the touch, is 
eafily difFufed ' through water, and with a fmall 
quantity of fluid forms an adhefive plaftic mafs. 

This, when expofed to heat, contracts much in 

volume : 
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i When tirgcid by a fb<c»af iieM, it scquirci 
lirdcy gteat degree of liatdn^, b^ wlieti pure, it 
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Thi$ i|irtb colnbine^ with ibt giedter dumiwf 
of the adbds« bs compouiids ham m ipenesil n 
i^eetifll ityptk tafte« 

SuLi^HAT ^Aitd/ti~tVitb fiiltihutic acid^ 
Ibis esrth form^ the alum of commerce. ThiB 
fatt is found native, but the greater part of wlcst 
is ttfed is the produce of art. It ma j be formed 
by the combination tii its principles ; but th^ 
common proce& is tb form it from what are tefiii&. 
1^ almU'ores^ which are native combinations o^ 

fulphuif smd argilladedus earth, v^h more or te(k 

» 

iron: thefe are xoafted, and expofed to dir and 
moiftur^ I the iulphtir, abforbing oxygen, is cm^ 
Verted into fulphuric acid, which combines with 
the argil, and the fait is extra^ed from the mate- 
rials by waihing. 

In order to caufethe folu^ion to ci7ftalli2!e, it 

is found necei&ry to add to it a (mall quantity dE 

potaih,' or of urine which affords amnacHiia, or of 

Vol. Hi Xi ' both. 
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both. The efl^d of thefe additions, it was fvip« 
pofed, was to neutralife the e^cefe of acid, which 
prevented the cry ftallization ; but Chaptal gn4 
Vauquelin have ihewni that they enter into the 
compofition of the falt» €ind that the alugi of com- 
snerce is not pure fulphat <^. argil, b«t contains 
befides potafh and anunonia.^ The p^per ftii^ 
phat of argil can, however, likewife be obtained 
by art. It isfoluble, and cryftalliM^ in thin flex^ 
ibie plates. This i^t can combine alfo wHh am 
excels of acid, when it forms the acidulous iul*** 
phat of argil. The. neutral fulphat of argil and 
potafh is infipid, very fparipgly fpljuble^ and not 
cryilallizable : the acidulous fulphat of argils pot-* 
afk, and ammonia, forms common alum : the act* 
dulous fulphat of argil and pota(b fonns anothi^ 
V fal.t, which has very fimilar properties^ Qf the£^ 
falts, it is only nece0ary to notice the properti^eft , 
of alum. , . 

Alum, in its ufual ftate^ is in large tranfp^ent 
maifes; it is likewife capable of cry ftallixing re- 
gularly. Its tafte is fweetiih and aftringent y it 
is foluble in 15 parts of cold and 2 parts of boil- 
ing water \ its folution reddens the vegetable co>- 
lour«. It imdergoes the watery fuficm ; and l^ a 

ftroDg 
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ftrong heat is detompofed, its ai:id bekig partly 
expelled, and partly refiidved into its conftituent 
jprinciples. , ^ 

When alum is heated with carbonaceous mat* 
ter, its acid is decompofed, and a porticoi of ful- 
phur remains combined with the argil^ or rather 
with the potaih of the alum. A preparaticm of 
this kind affi>rds the fubft^nee termed Pyrophb« 
HIS, diftinguiihed by its inflaming fpontaneoufly 
when expofe4 to athiofpheric air. |t is prepared 
by expofing to he^t in ajdi iron pc^ 3 parts of alum 
with X part of flour or iugar, the mixture being 
eonftandy ftirred till it is reduced to a grey pow;- 
dar« This powder is put into a phial flightlj^ flopt, 
5Rrtnch is cxpofed to ^ ftionger heat, by being pla- 
ced in a crucible, 4m^ ftirroimded with land ; it is 
]cept in this heat till a blue flame which appears 
4t the mouth of the phial ceafes ; the phial is then 
Ipimediately remoyed, and ftopt. 

This matter inflames in atmofpheric air, efpeci. 
ally when^the air is nioift ; it alfo bums in oxygen 
gas, in nitious gas» and in oxygenated muriatic 
^u»d. Its ii^mmatiffity feems to be owhig to its 
peculiar compofitioD, the intimate mixture of its 

ingredients, 



^ 
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]i|gredieiit9» and their diynefs. It confifts of ap^ 



iceous earth, witH which is mixed a quantity ^ 
carbon in a ftate of extreme divifion, dexived ftoai 
the vegetable matter employed in jfs preparation, 
and a fmall portion of fulphuret of pota0]» whiclf . 
has alfo been formed diiring the prpce& When 
expofed to the air, the fulphuret of potafh abforb^ 
Iboifture, by which the temperature is* raifed : the 
lulphur has likewife a ftrong tendency to abibrb 
oxygen ; it is in&med, and kindles the dry caiv 
bonaceous matter. 

NitRAT of ARGfiL can be obtained in fmal| 

r 

4^1iquefcent cryftals. It h^ ^n aftringent ta(le« 
By the application of a mpderate heat, it under- 
goes the watery fufion ; and by a ftronger heat, itf 
acid is expelled, and decompofed. 

Muriatic acid diflblves argillaceous earth; the^ 
folution, evaporated by heat, forms a gelatinous 
mafs \ by fpontaneous evaporation, it fonns rhom^ 
boidal cryftals^ It is decomposed by he£^t, 

* 

Carbonic acid fc^rcely combines^ diredlly with 
argil ; but if to any of the argillaceous falts in lb.* 
lutioti^ a folution of carbonat of potafh \>t added, 

' the 
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^ enrboftie aei^ is attra^^ 1^ tlwiirgl^.ajpid 4 
irfaite pow4er is preeipkat^. It c^» fcar^y bii 
cikmtddty^ a« tins cuc^oiiic acid k cfp^kihj^ 
very mo4«i^e tMiat* 

• # * • • 

\ 

Argil b$8 the piroptiny of comBimog, both m 
tbei^ ^b4 humid way, with the fijscd alh^ : it 
ji^ewife e]^ert8 an attradtion m the huinid wzji la 
Iteie jw# filllQWi^ eaa<di», ferimog: with either of 
them c(mxpotmd$ not fohible in water^ 



Argilt when pare, is infuiible by any he3( 
vAmh a furnace e^to raife ; but when miiDed with 
the Qtbei? earths^ becomes much more eafily §sy, 
jBhle* Gompottods of this kind form the di&reoc 
-varieties of pottery and porcelain* The fineft 
pon^ehup is compofed q£ earths con^BRing neaicly 
of filex and argil alone, with at leaft a {mall pfo»> 
portion of lime* In the coarfer waires, th« Ume is 
mare aibundant, and os^d of iroil is^ always, pre- 
fisnt in greater or leis quantity, and communicatieif 
tk> the pottery a yeUowiih tinge, I»themanu« 
finflttre of the finer kinds of procelain, t^ ingredi«p 
ents are carefully wafhed, dried, levigated, and 
made into a pafte with ^waten This pafte is tho- 
INyughly kneaded, fo as to be uniform in compofi* 

tion ; 
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Ijffn i it i$ tAmed iato vefleis of any ihape, vrhicli 
is baked in eaxtbaii pots tb render them compaft 
and hard : . tbey are then covered with the materia 
ab for glazing. Thefe confift cS^ earths which, 
when mixed, form a compound more fufible 
than the ptocelaiiritfi^ they are difiufed in wa^ 

« 

ter» into which the baked yeflels are pat» Thefe; 
after being dried, are again placed in earthen pots, 
and expofed to a very intenfe heat. The folid 
matter of the .porcelain undergoes a iemi-vitrifica- 
tion, whence it polTefres all the hardnfefs of glafs^ 
without its tranfparency $ and . has an additional 
value in being Icfs brittle, and more able to beas 
fudden alterati(ms of temperature, The matter 
adhering to the furface is more completely vitri* 
fied, and is therefere more fmooth and impene« 
trable. The colours arc fixed on by painting 
with enan^ls, which. are fufible in a leis heat 
ihan the glazing itf elf The inferior kkids of por^ 
celain and pottery are prepared in a fimilar man- 
ner from lefs pure materials ; the glazing confifts 
of filiceout earth with potafh and oxyds of lead 
and tin, of the oxyd of lead alone, or of muriat ^ 
Ibda. 

P> .Argil 



\ 



4itQXfr^ I5X 

. Aj^iL b 4ike¥rilfe callable of comlM^^ 
fion with the metallic olyds. , * 



. .♦ * f 
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Thofe foffils in which the argillaceous earth' 
predominaites ar^ divided into two clailes, _/the 
ArgSlaceous Earths, and the Argillaceoiis Stones. 

The Argillaceous Earths are diftinguii^ed I77 
their diffuiibility in water, and forming with it a 
pafte moire or lefs adhefive. They have an earthy 
texture, ate hardened by heat, and fcarcely effer^ 
velce with acids. 

; «• « , * ^ 

*. '"■ ' - 

•^ • '« * 

•ithe pureft of thefe, what is termed Lac lunfi^ 

isra liatiVe carbonat of argil. It occurs in com- 

•• •• , * . ' • 

paft rounded mafles, compofed of very minute 
cryftals 5 is white, without luftre or tranfparency ; 
i$ light and fnable. It efiervefces with acids. 

Clays form the principal family of the argil* 
lac^Ous Earths. ' They confift of argil and filex in 
varidiig proportions, with which are often inter- 
mixed magnefia, oxyd of iron, and other fubftan« 
CCS. Porcelain day, or kaolin^ is of a white co-, 
lour, with ihadoFof grey, yellow, or red ; without 

luftre 



/ 
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loftre at trioipaieocx ; feejs (oft, aoA a^m 
flightly to the tongue; &33s into poiv^ier whctfi 
put into water. A clay of this kind, found in 
Cornwall, is compofed of 6e parts of argil and 20 
of filex. Potters dlay , or pipe claji is of a grey- 
ifh whit^ colour, has an earthy fradurfe, feels foft 
and unduous, adheres td the tongue, is eafiljr 
diflyed in water, and when moiftened is very 
dudile^ 

Spiedis, or FuUets eslrth, has ii gteehilh colour 
and earthy texture, feels unAuous, does not ad* 
here to the tongue, and in water fidls down into 
a i^ow^er, without formiilg an adhefire mafs.«(H> 
Xithomarge is difthiguiihed from the other clays 
by the finenefs of its texture, and by melting into 
n flagg. Its colour is white or yellowiih j its fiir- 
face is fmooth and foapy^ Boles are of a red co^ 
lotiir and earthy texture, without Itiftre j they con« 
tiun a confiderable portion of oxyd of ircMi, to 
which thek colour is owin^,<— Ochres are clays 
impregnated with iron in various degrees of oxy^ 
dation, which communicate to them various co« 
lours. .^Tripoli and Terras, the two remainin|; ar- 
giUaceouB eaiths, feel harih and dry ; they imbibe 

water 
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thofe which lutve.~tiie,iis9diiri& etf ftopes, sndi 
. which do not fall into powder \<rheft iminerfed in 
-Witen CkKOfiduifli <K AdaoaantKQR Ppw, is dif- 
-ti£«i4flied •ftom. <«*ry <tfher ftottc by its gwat 

hardn^fe, wias* » &di tiiat it b ufed for polilh* 

ing«ven the diamond. Klaproth fuppofed, that 

Jl» iad .difoo^ewd in it ^w -es^nce itf a new 

-earth}, but by a fecond analj^s, he foimd it to 
.fionfift «f f»m «4 to ^ of ar^ 5 or 6 of filer, 
^nd from I to 7 of oi^d oMnm. 

♦ . ■ . ■• . ■ 

lillialite, or Lepidolite, is of a violet blue ot 

purple colour, and, when in thin laminae, of a 
.filyeiy white ; has a pearly . luftre, with a flight 

iran^rencyj hardflefs 4. qv 5,:, fpecific gravi. 

ty 1^54. .According to the aiialyfis of it by Kla-' 
:^th, it contains .54.5 of filcx, 38.25 of argil, 

4*600 pf pptaflj, 00.75 of iK>n and aapganefe, and 
^.50 rf W^r. JPbtafli has likewife been difcover- 

ed ia it, m the pn^portion «f 1 8 in the 100. 
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Cyanite 



Cjtaltt is of a bhidih grey colour tntdi ftreai»r 
of deep blue, of a pearly luftre, and tranfparency 
equal to 3, when it is in thin plates. According 
to Sauffure, ft cooMs of 66 of argil, 13 magnefia, 
12 filex, I lime, and 5 of iron. 

Mica is generally found inteifperfed in other 
ftones^ It confiits of thin plates, divifible, flex- 
ible, and fli^tly elaftic, tranfparency in thin ple« 
ces 34.2. luftre nearly metalliG. Its hardneis , 
is 6.; its colours are grey or yellowiih, fil- 
* very white, green, or red. The fiifibility of de- 
ferent varieties of it is very different. Colourlefs 
mica is ftated by Mr. Kirwan jto confift of 38 of 
filex, 28 argil, 20 magnefia, and 20 of perfed ox*- 
yd of iron. 

Hornblende. .^Common Hornblende is amor- 
phous, of a grey or black colour, opaque, luftre 2, 
tough, with a hardnefs from 5 to 9, and fpecific 
' gravity from 2.66 to 3.88-- is fufible into a black 
glafs. It confifts of filex, argil, carbonat of magnefia, 
carbonat of lime, and oxyd of iron. The Bafaltic 
Hornblende is cryftallized, and is moftly found 
in Baf4tes ; its colour black or green, luftre 3, 

tranfparency 
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«Riiifparmc7 in thb plates i, textuxe foliated^ 
faardnefs from 9. to 10.^ fpepific gravity 3.33 — it 
likewife melted by heat into a glafs. Schiftofe 
Hornblende bas a filky luftEe and ftriated texture^; 
is opaque^ tough, wd b^s ^ b^dpei^ from 7. to c^, 

Under the iiame of Trap are comprehended 
feveral varieties of ilones, which agree in their 

gQQeral ^bara^ers* |t 1$ found in large mailes, pf 

I, » 

ja grey, blue, or purpUih black colour, deititute of 
luftre and tranfparency, and prefenting generally 
a texture oompofed of granular concretions. Its 
bardjQieis is from 8. to 9* By beat it is melted into 
a black compaft j^afs, Whinftone }$ a variety of 
iim fbifil. According to the analyfis of it by Dr. 
]K.ennedy, it confifts of files from 46 to 48, argil 
from 16 to 19, oxyd of iron 16 or 17, lipie 8 or 9^ 
water ^ or 4, foda ^, miiriatic i^cid |^ 

Baialtes is ^ fimilar fofli]. Its texture exhibits 
a finaller and clofer grain, and it is of a greater 
fpecific gravity than trap. But the . principal di& 
ference b^itween them is drawn from their figure^ 
I)ar8ll;e8 being al^yays in l^rge mafles of ^ regular 

fprmi 
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fiinn, gisn waUy columnar, flra^t 4X qorrod^ per*, 
jpeadkular or inclined, , 

Argaiite^ Schiftti^ or Slate, is the laft of ^ 
wcgaiaccous ftones. It is <tf a blue or gieyiib e«>- 
lour, with little li^re, and fcarcejy any tranfpa- 
reney j its^fta4li&(B approaches: to the. foliated ^ its 
Bardnefe from $• t& », |te ifigredfcnteh are ^giP, 
alex, lime, m8gne:6a, and iron, united m various 
prc^rtions in difierent ^^niefis. 



1 



Sc&. m. ^ ^ 



Magnesia, 



tnis earth is net found pure in nature, but is ob- 
tamed by art from feme of its faline combinations 
which exift in feveral fprings, and in the water of 
«^e ocean. One part of fuiphat of magneflais 
diflblved iii 20 of hot water, and a folution of pure 
potalh or foda is ad4edj the alkafi, combinina 
With tie fulphuric acid, throws aowh the masne- 
^a, which is waffled ?ind dried.' Or the carbonat of 
foda or magnefia is ufed, a double decompofition 
m^ takes place, and carbonat of magnefia is pre- 

cipitated, 



ci^itttioi^ from ^^hk^, when dned; tile catbQiuc! 
achf may be expelled^ by hetit; Tite pore eanSi^ 
dbcained by either pr4>ce&> is. i& tlfici^ fomi o£ a v^ 
wliir^K %}tigy pow^» £>£): t<^ thie t%)i»dh^ b;^ing d^ 
ilfghcly bitter tdfte:: £f)ec^ gtai^jt? ^^^330. It i^ 
iiifilfbiis ex^n by tbflr ^oll intienlk^ beaf. If W 

thst' ftdid an adbefivis du^iKs palte. It fligh^ 

Magnefia combiner with the aeldi'; its att)^« 
tious to tbea a«e ^eakep thim tboib ^ ibe fixed 

attoilkt or of tbe alkaline ea^bs : if^^faltft ^^ like*-^ 

wife pUrtiaJty dccoijspo^ by utwaenift^ one part- 

o£ titer magpsefiai being precipitated^ and tbe other 

fidaB^g a tri^e conipottttd wil& tbracid df the 

fa^ and the aniiz)qniB4 

«' 
SuLPHAT*^ Magnesia is found native, both 

at the ftirface of tite earthy and uaf tibial wiGMrs. 

Tbbfe of Epibm ia JEngknd cmce «fi)i^ed a kuge 

part of what k ufed incomiiierce of«hi» fait, but it ^ 

ift now nfually pi^epamd fhsn die liquor lemuning^ 

setter t^oextra€KaQ of mnnatof foda'fiom&awater;> 

tUs li^ior 18 a fbfotioa principaiiyoffmmatof bni^ 

Mfia : fiilfifaat of 11011 is added^ airt lire £aiphat 06 

magpefia 
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magnefia foniiea, as well as a portion of it originaHj 
contained in the fea water^ is ex traded by cryftal- 
lization. A conftied xnafs of needle-like. cry ftab 
is obtained, which is deliquefcent from a porticm of 
murjat of magnefia adhering to it. This ms^d; 
• when dfflblved in water, affords pure fulphat of 
magnefia, by fpontaneous evaporation in regular 
cryftals. Thefe efflorefce on expofure to the air ; 
are folublp in Httle more than their own weight of 
water at 6o<>,andin 3-4th8 of their weight of boiling 
water. They confift of 19.35 parts of acid, 17 of 
earth, and 53.65 of water. The taile of this fiOt ' 
is extremely bitter,~and the Wttemefe of fea wa- 
ter, and many mineral fprings, is partly owing to 
ite prefence. It is ufedin medicine as a cathar- 
taa. It is entirdy decompofed by Ae fixed alka- 
Jis, partially by ammonia, and by double ekaiva 
^ttraaipn by the^feed alks^line carbonats, 

NiTR AT of Magnesia is fisund in nitre beds, 
alongft with the nitrats of lipae and potaih. To 
obtain it pure, it is prepared by tbxi direa eom^ . 
Wnatioii of its principles; Its tafle is bitter and 
£K»id : by hafty evaporation of its folution> a mafs 
of needle-like cryftals is obtained ; by fponUne^ 
OUR evaporation, k concretes m quadrangulai! 

prifms, 
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prifms* It is ddiquefcent ; is fduble in its weigM 
dC water at 60^^ in half its weight of boiling wa- 
ter—is decompofed by heat. In its cryftaUized 
ftate, it confifU of 22 of magnelia^ 46 of acid, ^rd 
a2 of water. 

MuRXAT of Magnesia..^ This fait is fouisl 
in fea water, in fait fprings, and in mineral wa^ 

* ters. It has a bitter nanfeous tafte, is very ibluble 
in water, and can indeed be fcarcely obtained in 
a ipiid ftate. It is likewifb foluble in alkohd, 
and caufes it to burn with a yellow or redd& 
fiffttie. It is decompofed by. heat, and fuffers de« 

^ cdmpofitions from the alkalis like the other mag^ 
nefian fiilts. When dry, it coniifis of 31.07^ 
€artb, 34.59 acid, and 34.34 water. 

lU - 

Fhosphat, Fluat, and Borat of Magnesia^ 
are falts fcarcely known, and applied to no ufe. 

* • 

Carbonat ^ Magnesia is a more important 

. compound, from its ufe in the pra&ice of medicine^ 

-It is prepared by mixing together equal weights 

of fulph^t of magnefia and fub-carbonat of potafli, 

each of th^e falts being previoufly diflblyed in 

twice its wieight of water; the fulphutic acid of 

the 




tjbe one fak kdtliraded bj tfae.pots& bfltheie^^t 
-and the caiivodic acid of ffhe latter is attm^edlqr 
thc^ magfiefiaiof the former : the inixtuie is f hromi 
iikto 8 ^ftote of hot water^ and k made to hdSL 
gently ^ the carbonat of magnefia is .predicated 
in a very light white ppwder*— it is wafhed With 
iWater, till it is taftelefs, ^^d is.dned by a gentle 
jbpat. When properly pr^ared, it is pei^e^ 
'ishhe« iafipid, having a ve'ry weak cohefion a* 
snoDgft its pacts, and a fpecii^c j^ravity not tncure 
tiian 2.3. it is very fparingly folubk in wtw, 
.^ecjnini^ at leait ^^Ooo times its we^t» :at ^ 
tempemtitf e t)f €0^ « An exceK of carbonic tit^ 
Tenders it more fdluhle; and by fponta&eous eva« 
^ration c^tliis folution^ foaaU cryftals.are obtain-^ 
ed. Carbonat.of nntgnefia is decoxnpofed by heati 
its carbonic acid being expelled* The propor« 
tioxtfi ^f its principles are various, according to the 
mode in which it is prepared.; they vary from 
45 ^'^ SS ^^ cai^tb, /rom 25 to 30 of acid, and 
feom 15 to so of water. 

Magnefia f^inbines with ful]^hur, Ibrmiiig a 
Jidf^ret foltfbk m water, which is decompofed 
both by acidis and alkalis. It does not unite with 
phofphorus 1^ <:»thon, Thou^ tnfiifible hy it* 

felf, 
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£^, it «cit8 whan mxiti. vith jbme cf Ihe c^hey 
j^atthsf, ei^ciaUy with tl;e fiJiteQus,^ 



ilndcr the magnelian genus of foflils are coih^ 
i>rebeaded thofe m which magnefia predotiiipates, 
imd thofe ux which^ next to filex, it is the mod: 
abundant earth, and which at the fame time arel 
deftitute of the hardnefs and infufibility of the fi- 
liceeus genus^ while they hpe the foftnefs and! 
imduofity of the magnefiani 

dhlor^e is a f ol£l of a greeii colour^ a fcaly 
texture^ without luftrei feels , unduous, and ha« a 
bardncifsy when indurated, equal to 6. ' It oc- 
cucs amorfthoua and cryflallized j -^ cpniifts of 
inagpefia, filex, argil. Uaie. and iron. 

Tak is a (oBl of a plated texture, the lanxellse 
beidg eafily feparated from each other : they are 
fiei^ible hut not elaftic j their luilre is nearly me* 
talUc, \rith a confiderable degree of tranfparency; 
^eir colour is greeniih white, with fome times a 
Vol. IL Y tipge 
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tiqge of red; they feel unduous. It does note£- 
fenrefce with acids ; ^pofed to an intenfe heat, 
it lofes its tianfparency, and becomes whiter; 
uiged with a ftream of oxygen gas, it melts into 
an opaque green mafs. It cbnfifts of 50 of filex, 
44 magnefia, and 6 of argiL 

Steatite, or Soap Rock, exifls in various ffates 
of induration. It always feels foft and greafy ; is 
of a white, yellowiih, or greeiufli grey colour ; of- 
ten fpotted or veined ; with little luftre or tranf* 
parency; its fradure is earthy or fplintcry; its 
fpecific gravity from 2.4 to 2.7 ; is melted by a 
ftrong heat. 

Serpentine is of a dark green colour, fometimes 
red or blueifh grey, with fpots or veins of other 
colours through its fubftance ; withput luftre, and 
nearly without tranfparency, but fufceptible of a 
fine polilh ; fraduie fplintery ; its hardnefs from 
6» to 7. 5 fpecific gravity from 2.26 to 2.70 ; it 
feels foft, but with little unduofity ; is infufible 
by the blow-pipe. It is found always amorphpus. 
Its conftituent principles are filex, magnefia, and 
iron, with the addition fometimes of argil. The 

proportions 
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]^|iortions ate 5 or 4 of filex 163 ofmagnefUi, 
and of oxyd of iron from 4 to i§ in the zoo. 



Aibeftos is diftinguiihed by its fibrous or^ ftri« 
ated textvire, the fibres b^ing either corafe or de- 
licate, and frequently eafily feparated from each 
other J feels foft and greafy ; h^r^nef^ 6, or 7. ; 
ipecific gi:;^vity from ^.54 to 2.57, Its coldur is 
green, gteenifli grey» pr yellowilh grey. It doc? 
not .efiervefce with acids «— is hardened and ferni* 
yitrified by heat. It confifts of filex, magnefia^ 

iron, and ar^il, the filex being always in |argeft 

- .» ■ • ■* 

proportieUf 

Jiipanthi^i^ is ^ fiiifular fofiil, differing from of* 
beflips principally in being more fufible by heat,v 
its bardnefs being iefs» and its filaments being 
niore fejj^r^ted ^4 flexible. 

■'.•,-■ ^ ■ * , • " 

Mountain Cork and Mountain Leather are the 

l|ime fofiil, the one being found in thin compa^ 

m^es, the other in thin fiat pieces. It is of a 

wtiite, yellowifli, grey, or browii colour ; without 

luftre or tranfparency \^ its texture is fibrbus ; it isf 

i^ft and fomewhat elallic j and fo light as to fwim 

Upon Water, its (pecific grsivity bein^ from 0.6& 
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tQ o.6g. It is fbfed by the bloW'-pipe, but wid| 
difficulty. It confifts of files, earbraat of m^giie* 
fia, argily carbonat of lime, and oxy d of iron. 

V 

i 

m •' 

Actynolite.— This done 'is found in mafles,' 
compofed qf long and llender prifmatic ^ryflals, 
ftnooth or firiated on the furface, or in aggregated 
mafles of a foliated or ftriated texture. Its colour 
is moft iifually green, fametimes yeflow or white j 
luftre varying from i. to 4. ; tranfparency 2.3 oi 
1. It is generally hard and brittle, and harfh to 
the touch; fpecific gravity, from 2.80 to ^45. 
It changes colour when heated, and is ' melted iri* 
to a glafs by a ftrong heat. It confifts of filex^ 
carbonat of magnefia, carbon^t of liibe, argil, an4 
0xydpfiron. 

« 

Jade, or Nephritic Stone, is found in round 
mafles, or inhering in rocks ; is of a dark green 
colour, verging often to blue ; its luftre i. ; tranf- 
parency 2.1; fradure fplintery ; hardnefs 10.; 
not brittle; fpecific gravity from 2.96 to 3.38; 
feels greafy. It lofes its colour by heat, but can- 
not be fufed. It confifts of filex 47, carbonat of 
magnefia 38, argil 4, carbonat of lime 2, and 

iron 9. 
•"' ' Baikalite 



Bukalite has been found only In SiberiiEi ; it is 
in prifiriatic cryftals, of an oFive green colour, and 
fmooth or ftriated farfoce ; luftre i,2 1 tranfparen^ 
py I. \ fradure fpfintecy ; hardnefs 8,$ ; fpecifiq 
gravity 2.200« It is compofed of iilez 44, mag-- 
pefia 30, lime 20, oxy d-txJF iron 6. 



Bomciee^ the kift of tlie magndian foffik, is « 
compound qf m&gneiia and lone with tx>mtic a^ 
pid, its ^poitioas Imng 13 of magneiia, 11 of 
lime, and 68 of acid, irH:b it of fiiecc^ i of atgil^ 
and X c^iroil. it occurs ki imaU cubic cryftatey 
ef a greyifli white coldur; luftre ^.% ; ttmfpii^ 
tcncy 2»3 ; hardiiefi 9.10 ; fpecific gravity 2.56^; 
It is meked try a ftrohg heat; it do^s not ^eflS^^* 
vefce with or dlflbhre in acids^ unkik at iilii^iF 
temperature^ 



SeSl, 
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1*018 earth is fi)iufd.m gteitt abuodaoce utnAtate. 
It is the principal C(»!i{K>nait |Wt of marble, lime 
.fione, plafter ftone, marl, and many other £ii^. 
It is coiitdned in the water of the ocean, and^in 
every Viiid of fpring and river water t it is £3i3iid 
in vegi^tables, and it h the balis of the bmMESf 
jbells, and other hard parts of animate. * To q\^ 
tain it in a ftate of purity, the ihells of marine a^ 
xirnals, or fome of the native comlnnations 4^ it 
with carbonic atid, are expoC^ to a fti»>ng hett, 
by which this acid is expelled. The lime thus 

r 

obtained generally contains minute portions of 
fome of the other earths, but it can be obtained 
pure by diflblvihg it in an acid, and precipitating 
it by potafli or foda. 



Pure lime is perfedly white ;' if ]h\a coherent 
mafs, it is moderately hard atid brittle ; its ^ci« 
jGic gravity is 2. 3. ; it has a pungent bitter tafte, 

* and 



and a^ as a cauftic on ahimai matter It is not 
fufed by the moft intenfe heat. . 

^ When water is poured on quickljme, or lime 
which has beenrdepsisisd .of its^^arhpnic acid by 
hes^, the water is abforbed with a hiifing noife, 
the lime fplits, and fidlsJnto a fine powder per* 
fe£Uy dry ; and fomuch caloric is eyolved, as to 
coomalr a coflfifkrabl^ portioci.. of wate^ 
poiis; The phemiiieQa>a]2d x)wi^ 
«ttiaAmi\Qf the. lime to wateu:, and to the wat^r 
enteong 9Sta cqmbination parsing to tbe fqlid ftate. 
At the temperature of 0Q^,Mfater diflblyes about 
rX^^QOtb of its weight of lime; at ^l^?i double 
4bat qixwt^y } the fol^tionhas ailyptic tafte, and 
changes the/vegetables colour to, a green. By ex« 

s * 

pofure to» the air, it becomes tiirbid and inlipid ; 
the ^me a1]^orbing carbonic acidt ^nd b^ing preci- 
pitated inif^ form of carbonate . ^ 

. lime is capable ^combining with all the^ acids. 
Sm^PiiAX of Lime exifts native in confider- 
able quantity, and has been long known to chem-- 
ift$ under the names of Selenite, or Gypfum. It 
forms . immeofe . (trata ; it is to be found ii^ every 

r 

fotl>'and it is contained in the waters of the ocean, 

and 



iuid in almoft all river and fpriog wf^er, coiib^ 

tounicating to the tetter the qiuditj temed di^ 
Hardnefs. 

Native fulplSit. of listie qccugs ia a patuMtf 

ibna, wbite, wkbout traofpareac j or liiiire^ or tit 

m ftate of gr^atear hardcueis, either amorpiious tir 

cryftallixcd- 1^ thb ftate ib textiure k laminated^ 

iabated, or fibrous,, fctfmiiig &i vam^ Iraneda; 

/^leir bolours afe white,, with various Ihado; of 

W^ff y^loWi gi^cPt <^ T^^i their luftce ftom 4* to 
jt. or I., their tranifiareiicy 2. 3. i., their hsuAt»& 

4. and fpeciuc gOLvity from 1.^70 to a.^ao. Th^ 

Ibmetimea effervefce with acids from the pre£moe 

«f c^rbonat of lime, slnd dve eiltirely foluble ii^fiaL* 

]Aiiric acid with tiiie affiftanee of heat^ 

ft • 

Sulphat of lime is fblubie iii 560 times iti 
weight of water at 6os and in 470 o^^fiMas wa^ 
ter. Expofed to heat, it appears to boil or effel*- 
veice, owing to the expulfion of its Wiker ; it be- 
comes opaque, and falls iiito a white powder. This 
when mixed ag^n with water abforbs it rapidly, 
and though even of die confiftence of cream, be- 
comes ibon iblid» by a fpeci^ of hafty cr]sftaliiaa. 
tion^ This &nns plafter or ftucco work. When 

^ expofed 




ktpcXed toambee intenfe* beat, it vitiifies; fiom 
the mixture of fome argillaceous or filieeous earths 
Whth pure, it is abfolutely infufible. Heated bf 
tiie 'flame of the htow^pipe, its acid is parti^/ 
&compdfiid, its oicygeh being* al^fitaQieid hf the 
ccimbUftU!)le matter id the fltoi^. ' 



^ Sidphat dE lime irdecompofed by barytes aha 
the tviro 'fixed aStaHs, by boilihg it with them in 
ivattr i and ittcMre eafily by doubfe affinity by the 

» - 

aHcalhie carbonats. * it is alfd decompofed by 
heatihg it with charcoal, the carbon abftradting 
its oxygen. It cbnfifts of 31 parts df lime, 46 of 
acid, and 2% of water; ^ 

Nit RAT 0/ Lime.— > This fait is generally 
fi>und alongft with nitrat of potafb, and it Ha^ 
been difcovered' in fome mineral waters. Wheii 
the folutidn obtained by the diredl combinatiori 
^ of its piriiiciples is evaporated to the conuftence 
of thin fymp, it affords flender prifmatic cryftals. 
Thefe are very delicjiiefceht, are foluble in 8 part^ 
of water at 60^, and in an equal weight of boil- 
ing water. Expofed to heat, they are meltedand 
decompofed. When thrown on burning fuel, it 
Toe. II; * . Z detonate jT - 
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detonates lightly. It contaim 52 parts of lime, 
574.4 of acid, and '16.56 of water. 

a ' 

< MuRiAT (f IdUE. — This fidt is found in fidt 

« 

iprings, in the water of the ocean, and in many 
mineral waters. Its tafte is bkter ; it is fohible in 
14. part of water at 60^^ and in le& than an equal 
weight at 212. Its iaturated folutbn aflbrds, on 
cooling, prifmatic cryftals. The& are deliques- 
cent ; expofed to heat they are mdted, and part 
of the acid is expelled. The remaining mais is 
highly phofphorefcent. This lalt in its chryftal* 
lized ftate confifts of 44 of lime, 31 of acid, and 
25 of water. It is decompofed by ieveral of the 
acids, by the fixed alkalis and baiytes, and by 
double affinity by the alkaline carbonats. When 

a Saturated folution of it is mixed with a iaturated 

If <• 

folution ofcarbonat of potaih,a double decompofi- 
tion is inftantly produced, muriat of potafli and 
carbonat of lime are formed, and the water pre- 
fent not being fufficient for the folution of the 
two falts, and being even abforbed by them, a 
folid mafs is formed. 

Borax ff Lime is rery fparingly foluble in 
water, and is fufed by heat. It is decompofed 

1>7 
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by a number of the acids, which combine with 
the lime, and by baiytes, which attradts its acid. 

Fluat &f Lime.— Lime faturated with fluoric** 

actd forms a iblutioni which, by evaporation, 

forms a gelatinous mafe ; it is infipid, and fpar- 

^gly ibluble in water. Tncre is no fubitance 

/that has a ftronger attraSion to its acid than its 

.bafe has; but it is decompofed by it He alkaline 

, carbonats by double affinity, and by the fulphuric 

acid, which difplace the fluoric^ 

This compound ezifts abundantly in nature, 

• « 

and has been long known to mineralogifts by the 
name of Fluor Spar. Scheele difcovered its com- 
pofition. It b found amorphous and cryftallized; 
itfi texture is foliated— in one variety cbmpad, and 
in another earthy ; its hardnefs from y. to 8. ; its 
fpecific gravity from 3.09 to 3.19 ; its luftre 2.3., 
tranfparency 2*3.^ ; is fufceptible of a fine polilh. 
Its colours are very various, and in general beauti- 
fill ; the purple is the moft common, then the 
yellow, green, or blue — fometimes it is colourlefi, 
and perfedly tranfparent. It is infoluble in wa* 
ter, and is not aded on by the air ; decrepitates 
on expofiire to heat, and ihines with a blue light 

when 
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in i.iM£. 

vhen thrown in powder on a hot irpn, its coloii^ 
is at the fame tipie deftroyed. It requires a verj 
intenfe heat to melt it alone, but when mixed 
' with other earths, or exfx>fed to heat in a cla/ 
crucible, it melts more ei^y. It does fiot tfku 
%e{ce but with the fulphuric acid, and with it ye« 
ry flightly. According to the analjrfis of it by 
Scheele, it i$ compofed pf 57 of lime|^ 16 of acid, 
and 97 of water ; to which, in different fpecimens, 
. fire added variable proportions pf phofphoiic acid, 
filex^ ar^, irop, and cobalt* 

Fhosphat qfLlH^ — This faline combination 
is found natiye. It i$ the foffil termed Apatite, 
which occurs cryftalli^ed and amorphous ; its co- 
lour grey,:green, red, or nurple; its luftre 2.3-; 
tranfparexicy, 9.3.4; its hardnefs fro^i 6. to 7.; 
^ts texture lamellated. When* heated, it is phof- 
phprefcent. According to EJaproth*s analyfi^ it 
coqfifts of 55 of lime ^nd 45. of phofphoric acid. 

Fhofphat of lime is like wife found in the aihes 
of vegetables, and it is the folid bafis of the bones 
and other hard parts of animals. 

This 






Th)j^ compound is nearly, if not ipntixely haSom 
luble in water ; it is vitrified, but not decomppC- 
ed by heat. The alkalis do not 4ccompoie tt^^w 
the lime l|as an attra<3ion ftronger than their 
attraction to pfaofphoric acid. The ^pids^ parti«^ i 

f ularly the nitric, fulphuric, i^nd nmm^c, were ] 

fuppcffed to be capable of deqoxnpc^g it com- i 

pletely^ by combining with the lime, and difen- 
gaging the acid; but Fourcroy and Vauquelin 

/ * 

have: ihewn, thsit the decompqfition is only par« 
tial, and is the effedt of concurrent affinities, of 
the phofphoric acid to lime^ and of phofphat of 
lime to an excefs of acid. The produds, there- 
fore> are fulphat of Ume and acidulous phofphat 
of lime : tbei latter is ibluble in water, and forms 
a folutibn having all the acid properties. Accor- 
ding to the experiments of thefe chemifts, the 
neutral phofphat of lime contains 41 parts of add 
in the 100, the acidulous 65. 

Carbon AT 6/* Lime. *- This compound is 
pearly infoluble in water, -^iinlels when combined 
with an excefs of acid, which renders it more fo- 
luble. It cannot be cryftallized by art, though it 
exifts in a cryftaUized flate abundantly in nature. 
It IS decompofed by heat, it$ carbonic acid being 

expelled. 
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ibxpelled. 'TUs' dtscompofition of natlre catbonat 
of lime b earned on^ on a large fc^e, to procure 

lime 'fof the' numetous purpofes to wluch it is ap- 

^plied. ^ Pieces of 'lime ftone^are ezpofed in d kind 
of bpen furnace to a degree of heat fiiffioient to 

^fliive dBf the carbonic acid, care being taken not 
to apply tooiftrong) a heat ; as the lime, <thpugh 

•infufible* when pure; would be femi-Titrifi^d^ from 
to union/with filiceous or argillaceous earth always 
prefent, in greater or lefs:ituantity,:in\tibie.lioie 

- fione ; aAd from thi& femi^Titiificationrtbe 

*' woiidd be incapable of ilaking. 



Thb fidti Jike the. othet carbonats; i» de^com- 
pofed even by the weaker acids combining with 
its bafe, and difengaging. its ^aoid. witb tiQTQrYQf- 
cence. This property of effenre&ing pn the con* 
^taAof a weak or diluted acid, is a cpnyenient teft 
for diftinguiihing thofe. foi&ls in which the carbon* 
at of lime predominates. The alkalis are incap- 
able of decompofing it. It is decoa^pofed by 
^double afl^ity by various. ixeutral^ fajts. 

The compound of carbonic acid .an4 lime^^x- 
ifts in great abundance in nature, forming, the va- 
rious foifils termed Calcar<epus Spar^ Mad)le, I^ime 

Stone, 



Stonei .Ghalk> and>M»?l, which, ^ttmigl^ rui| 
into each other, »:eftiU4iilinguifhe4.h7> y^e^^r 
^eS' ia figure^ texture^ and, oth^ e^m^l Qbajraq*. 

ters. 

'■"''■ 

The firil family, the Calcareoiis Spars, is cryf- 
talBzedi amorphous^ acid ftalaSitkai TIim^ ciyf- 
tals are generally rhomboidal, but oft^ like\yi& 
prifinaticy or of various othfr forma. Theyai:^ 
diftiogilifhed by their Irauaafie^ tq^ture, and b^* 
then: fragments being rbomb^daU. as^ pc^£gng^ 
the property of double refraiftipn ; they l^aw pfr 
ten the tranfparency of the fiUcc^^s ^ryflals, Iji^t 
want their hardnefs, this being not more tl^an 5. pr 
6^ So that they can be icratched by t)^e knife; 
tibdr luilre is 5.^. ; their cohv^v very various. 
They lofe their ln&ie on long expolpre to the air | 
become ic^ijue by heat, and by ja ftrpng heat 
are decompofed, the carbonic acid being expelled^ 
They confift of about 55 of lime, 34 of acid, and 
II of water. Calcareous fpar, in its amorphous 
j|ate,/has leis tranfparency j^nd Iviftre, and its frac« 
ture prefents diftind granuUir concretions. The 
Staladites are diftinguiihed by their fibrous or ftri- 
ated texture, and their particular fliapejs; they are 
only femi«tranfparent) y^ith a luftre not exceeding 



jr., a Kardh^ftom 5. to 7.* Tbtymt formed at tie 
fops of cavetn$ or crevites, by depofition firom wa- 
ter filtering foaded with carbonat of lime. The 
Stdagmites are fimilar depofitions, formed by the 
water dropping on the floor of the cavern* 

... * . • 

Marbk is diftinguilheid fmm the ^rcteeding 

fBnedtSf by being amorphous, exifling in Iwge 

ffa^t^ and by greater denfity, hardnefs, and {*peci« 

jBc gravity, j^rom the clofenefe of it» texture; 

k is capable of takidg a fiiie polifh. A&rblen 

appear tinder a variety of forms^ diftingiuilfed by 

colours, impreifeons, atid fineneis of grain. White 

marble is ndarly pure carbottat of Ume ; many of 

the coloured marbles likewife contain from 90 to 

p6 parts olr it in the iqo, though there are othen 

which do not contain more than <So or 65. The 

other ingredients are files, argil, ozyd of iroh, and 

fometimesniagnefia or barytas. 

lame ftone paflej into matble by infenfible 
jopradations, the difi[ereftices between them being 
Only in the degrees of the fame qualities. lime 
fiones are of a cqarfer texture, more friable, and 
tvithotxt luftre or beauty of colour. They are al- 
fo more impure, containing more filiceous and ar- 
gillaceous earths and oxyd of iron. 

Chalk 



: €bft& h dlinSfiguiihed from Mffle ftoild by i^t 
tvfetenefe, ttd by having little or ao coherence 2^ 
it is fofoft as to ftsih the finger; is deftitute (^ lu& 
tfc and trairfpareney \ adheres Hightly to thd 
tongue, and fall^ iiito powder ik water. Its fpe- 
ciftc gravity is froni 2-315 to ^-657. It confifts 
of 55 of Ume, 4% of carbonic acid, a of ar^V stnd 
3 of water. r 

Marl IS the laft imjpdrtant variety^ ^f native 
catbonatoftime. It exifts in ab earthy or femi* 
indurated fiimi, jof a yellowifli or grfey ccJlotiri 
without luftre or tranfparency ; has a fpecifio 
gravity from 1.6 to ^.4$ crumbles on espofura 
to the BXtf ind in Water iaQs into a powder» with^ 
out forming with it a du(3ile pafte. It containa 
from 66 to 80 in the 100 of carbonat of lime, the 
remainder being argillaceous and iiliceous earths^ 
With oxyd of ifon. 

Befided thefe varieties of carbonat o£ lime> 

» there are fome follils which contain it, combined 

with much larger quantities of foreign fubftanCes* 

Such are the Sidero-calcite, or Pearl Spar, found 

in a eryftallized ftate, and containing, in the iqq, 

yoi. li Aa §5 
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.35 of oKyd of ^langanefe and 5 of iron.-.the Ba^ 
ffto-calcite, likewife in the ftate of qryftals, Gon« 
taining 8 parts of carbonat of barytes, with 92 of 
carbonat of lime-^the Muri-calcite, or Compound 
Spar, conllfting.of 52 k£ carbonat of lime, 45 of 
carbonat of magnefia, and 3 of iron and manga- 
oefe — Argentina, a fubftance of a lamellated tex* 
ture, luftre 3,2, tranfparencj^ i.o,i.5, hanjncfs 5. 
or 6;, fpccific gravity 2.647, which cffervefces 
ftrongly with acids, and is fuppofed to confift of 
magnefia, argil, and oxyd of iron — the Elaflie 
Marble, or Dolomite, which is lime fuperfaturat* 
ed with carbonic acid, and mixed with argil, mag« 
nefia and iron— and laftly, the Swine Stone, which 
is carbonat of lime, impregnated with bitumen, 
^nd diltinguifhed by the difagreeable fmell it gives 
out en flight fri&ion. 



It has been a fubjed of difpute among geo* 
logifts, whether the immenfe ftrata of catbonat of 
lime in its numerous varieties are primitive, or 
have originated from the decay of marine animals, 
or other organic beings. It is probable that much 
of it may have been derived from the latter fource, 
fince remains of organifed matter are often found 
in. its fubftance. But that it is not exclufively fo 

JTeems 
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leems now agreed, fince immenfe ftrata have been 
obferyed witKout any yeftiges of fuch fubftanceSf 
and in clofe connedion with ftrata allowed to be 

primitive, and fince even thcifc jfrimitiye ftrata 

. -■ * 

contain k as a copftituent ipart. 
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There remain to be conlidered hme combina-' 
tiona which pure lime forms with other chemical 
agents. 

With fulphnr it combines with facility,either 
by fttfion, or by boiling them in waten In the 
latter cafe, fulphurated hydrogen is alfo formed. 
The fulphuret of lime is fimilar in its properties to 
the alkaline fulphurets, and is decompofed, like 
them, by the acids. It has lately been propofed 
as a fubftitute for the fixed alkalis in bleaching ; 
tibe alternate immerfion of the cloth in the oxygen*- 
ated muriatic acid and In a diluted folution of ful* 
phuiet of lime, produce, it is affirmed by Mr. Hig«i 
gins, the fame cStd: as the alternate application of 
the acid and of a folution of potaih or foda. 

Lime 
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lime likewife oofmbinefi ^4tb |^)of{>l»3ms^ If 
thefe two fubftances, m tbe ptopoftitxQ of a paxta' 
of the fimper to i of the Jatter» bt put into a C(mt«i 
cd f^^ tube in alternate ftrata, aad expofed lor 
a fhort time to a red heat^ f^jr cdmbifie, and t 
phofphuret qf lime, of a brown or black colour^ is 
formed. When this is tlirown into 1?>ater, it im- ' 
aaediately decompofes it, one part of the phofpho-?* 
Tus attrading its oxjrgeo, pother part com]iimng 
with its hydrogen, and forming pho^borated hy>« 
drogen, which is difengaged. in the gafeous iform^ 
and inflames as it efcapes from the furf^ce of the 

- Iksxt ccm)bine$ wit)) l^e 'Othear ^eafths, at Ifi^ 
9rit& fileK wd iargil, by iufion, formk^g ^a^ ^ind cf 
fM^ocelain ort^namel, It ]ikewi^-exett$ an a^trafUoni 
to tbe earths in the humid w^yi, combining wi£i| 
^kx, with barytes^ or atgili whep ^ada earth hA« 
bean difiblved in the &nie ^^Ihf^i #)d tia^ir ibluT 
tbns are mixed tcgethd*. , On this k . ^rt ii 
^^un4ed the prepax^tioii cf ^si^twrt 
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This ^e!srftehce tDf this «aith in 9 fiftte 4)f comUint* 
lion n/ntl) fiiiplrarie acid, in a teilM, known to miai^ 
mralogtfts hy the name of H^avy S^sar, »«s^di£. 
rorered fayScheele. }t has been named fiaiy tes, 
from its native compounds having a goe^ter {pefim 

£c .gravity than other fol£ls not metallic. 

... . J ' 

. Barytes forms a component pact of caooipcaafV 
litvely few foffik ; it is found |^jtincipaUy cailbMjh 
ed with fulphuric and carbonic acid;. 

/» 
Native Sulphat of Bary tes is often met with, 

aiid is indeed a common mattiK^f jnetakand jlhei]> 

ores. It is dtftinguifhed by k$ great fpncaftc^S* 

vity, wbicfa is &om 4.400 rto 4^865. its hardm^ 

is frotti 4. to 5. or 6. ; it botitiiy amorfdions .^e^ 

cryftaSfittd ; its texture is fcand^, aompa^ :^ 

liated or iftriatedi— that of AeiO^ftaiiliaed ii gfi- 

nerally foliated ^ the' eryfta^ have a.itran^rei^ 

4.3. J Ivftre commonly $• T4ie xcfcuis of iio$h 

arc 
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are various, generally white, or with a ihade of 
yellow or red. The compoiition of the different 
varieties is fomewhat different. The pureft cryf- 
tallized kinds contain 67.2 of barytes, and 32.8 of 
folphuric acid. Others contain fulphat of lime* 
filex, and oxyd of iron in various proportions. 
This compound is infoluble in water ; it diflbhres 
in the concentrated fulphuric acid with the affift^ 
^ce of heat, and is precipitated by the addition 
of water. Expofed to heat it decrepitates, and 
by an intenfe heat is fufed» , 

The Lapis Hepaticus, or Idverftone, is a diftin£i: 
fpecies. It contains 38 of fulphat of barytes, 33 
of filex, 22 of argil, 7 of gypfum, and 5 of pet- 
roleum^ It emits when rubbed a foetid fmell: 
its fpecific gravity is 2.666. 



Carbonat of barytes has been found only in 
Lancafhire in England, and in Siberia* . It occurs 
,in folid rounded maffes, andlikewife, though rare* 
ly, cryftallized ; its. texture is fibrous or ftriated, 
fometimes compad ; its colour greyifli white or 
milk white ; its tranfparency 2.3., luftre 2., hard- 
nefs fix)m 5. to 6., fpecific gravity from 4.300 to 
4.338. It is foluble in the nitric and muriatic 

acids 
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acids with eSeryefcence; it lofes the degree of tran-* 
fparency it poflefles when expofed to heat; but 
h not fufed and fcarcely decompofed. (t requires 
for its folution 4,300 times its weight of coliii wai- 
ter, 2,300 times of boiling water. According to 
the experiments of Dr, Withering, it confifts of ] 

ao8 of carbonic acid, and 78.6 of barytes^* 

• . . . 

• ' • ■ * . . ■ ^ 

The pure earth is nfually obtained from the 
native fulphat. One part of it is mixed with one* 
fixth part of charcoal powder, and expofed to a red 
heat for an hour ; a fulphuret of bary tes is thus 
obtained, which may be decompofed by muriatic 
or nitric acid : or i part of the pbwdered fulphat. 
is expofed to a moderate heat, with li parts of 
dried carbonat of foda or potalh, by which a 
double decompolition is effeded ; the alkaline ful* 
phat, and any fuperfluous alkali, are carried off 
by wafhing, and diluted muriatic acid is added 
to the remaining carbonat of barytes. ' The 
muriat of barytes which is thus obtained, was ' 
ufually decompofed by adding a folution of 
carbonat of potaih to it, and from the car* 
bonat of barytes thus formed, expeUing the car* 
bonic acid by heat-— this required, however, an in* 
tcnfe heat, by which the baryric earth was partly 

vitrified, 



tif rifled, from edmbinihg Widi ^tlie earth of the 
ctticible. A prefembld proccfis therrfom, is to 
tife the ^rk dcid, and decompofe the hitmt x)f 
bsirytes by teat, for which avtiy modertite in^ 
'eteafe of uraperaturt is fufficient* 

Bary te9y obtdiiled b]F f his tatter icoe^iod, is h^ 
the form of a grey, fdmewhat porous mafs, ex- 
ttdti dy pungent and cauftic : it jlake^ like lime* 
bat widiitiU ^eater mpidity on expofum to the^ 
&,'0rby pouring water on it,— the water be-^ 

itig'abiorbetl, the nrnib falUlig into awbitepow**" 
der, and cabric being rendered fenfible; This 
powdj^tiit folable in '25 parts of water at 6o^,;and, 
ifi 2 pails of boiling water J the latter folutiott 
Qryftall}9tes . on cooling* It is entirely infuilble 
by heat abne, but- mehs when mixed wkb othier 
mrths^ Its fpecific gravity is 4.000* 

Barytes is diftinguiflied amongft the earths by 
the ftrength of its attra<3:ion to the acids, which 
h Xuperior to that of any other fubftance. Hence 
it is capable of decompofing all the neutral ialts« 
Another property by which it is diftinguiihed is> 
being precipitated from its iblutiocis in acids by 

the 



\ 



leidflfaig mmiatic acM ta tbie produ^ of the decora* 
pofidoa of the foipbat bjr chaccoal, or caadaonat of 
pdtafli, or &)dau 'fisfi fohition is fiket ed, ^ «iid,'bjt 
evaporation^ cryftallized* Its cryftal^ aare fcdiilile 
Vol, II. Bb ia. 
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bar the metallic f>xj;dsi 

comhttialioii of itr^psihctpres, i&' fimiiakr in' ite pfoU 
p(«r^e»4k) the native iypha^ It coqfiftsr accordi* 
lug t» £jia{iroii», of 47 cif eavdi and s^of aoid ^ . ie 
is oapabto 0^ uniting with an ^im& t^acid, fi^mw 
ing a combination which is again decompofed by 
water. 

■ • • ■' ' • 

. N iiini^:r ^ Ea icir T x sr, fbntied b^ tj^ 

Aation of its {ffincipl^ if ib|iiMe in laparci^ df w^ 
t«at j6^^, abd'ia^a^lcfr qtuinthy of boiling yfkxw % 
1^ kttet ifllntioa ci^dl^lOxes on 6^^ Expbfed 

t0 heat it is: deccHnpoTe^; ita adid beiog.refblTe(}iiu 
tp oxygen and axodc /gafes^ and it& easth remain^ 
ing pore. It has a pungent cauftic tafte^^conii^ 
of 57 of earth, 32 of acid, and 11 of water. 
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in 6 parts of water at 6oS and in a le(s quanti- 
ty of boiling water. The tafte of its fcdution is 
barfh and ftyptic. It is decompofed by the ful« 
pburic, nitric, oxalic^ and tartareotis; acids. From 
the great infolubility of the fulphat of barytes, the 
xnnriat is employed as a teft to difcover thepre- 
fence of fulphttric acid in any compound. It 
confifts of 64 of earthy 20 of acid, and 16 of wa-> 
ter. ^ 

. The other acids, the phofphoric, fluoric, boracic, 
and carbonic, combine with this earth, and form 
falts which are not im);>ortant. There is a differ* 
ence between the native carbonat and that prepa« 
red by art, in their facility of decompofition by 
heat, the former retaining its acid much more 
firongly than the lattejr* In its other properties^ 
the artificial carbonat is fimilar to the natural. 

Barytes combines with fulpbur. The com* 
pound is foluble in water, and by evaporation can 
even be made to cryilallize. It is decompofed by 
the acids. ^ It alfo combines with fulphurated 
hydrogen, and forms a compound capal^ of 
cryitallizing. 

Baiytes 
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Barytes is alfo capable of combining with 
phofphohis. The compound decompofes water 
rapidly, and difengages phofphorated hydrogen. 

« 
« < 

It combipes, both iathe humid: way and by 
fufion, with feveral of the earths, particularly with 
filex and argil, 

Barytes is poifonous to animals. In a fmall 
dofe the muriat is employed in medicine. 



Se^. VI. — — Strontites. 



Strontites was firft obferved in a native com* 
bitiatibn with carbonic acid, in the mine of Stron** 
tian in Argylefhire, whence its name has been de* 
rived ; and its charadters as a peculiar earth, were 
firft dilcovered by Dr. Hope. The fame combin- 
ation has lik^wife been found in Tranfylvania, 
and the fulphat has been difcovered in France, Sax- 
ony,^ Hungary, and England. Its exiftence has 
not been deteded in any other foffil. 



The 
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Tbe natiw carfaonat of ftrontites is fimnd bpth 
*ki foli4 m^ffes, and in pnfmatic or columiidr cryf^ 
tals. Its. cobur is 4ull ivliite^ or light gre^n ; its 
texture fttiated, the fibres difpofed ip a radiated 
maimer ; its tm&fparency 2.» hiftre £nom %. io 3., 
kardnefs 5., fpecifie gravity from 3.4. to sf^fif 
It differs from carbonat of barytes, with which it 
had beep confounded, in its colour and its inferior 
specific gravity, and in allowing its carbonic, acid 
to be expelled hj IftBt tvme completely, and with 
lefs difficulty. , According to Dr. Hope's analyfis, 
it confifts of 61.21 of earth, 30*21. of acid, and 8.59 
of water; according to Klaproth*s, of 69.15 of 
^arth, and 39 of garboniq acid« w^th a Uttle water. 

The fulphat of ftrontites which has been found 
near Briftol in England, is in general in the 
form of a cohfufed mafs of bevilled plates, ad- 
"hering firmly together, femi-tranfparent, and hav- 
ing a light blue tinge. Another variety is found of a 
granular texture, having much lefs coherence than 
the other. Their fpecific gravity ii$ from 3.880 to 
3^960. ' From Mr. Clayfield*s analyfis of this fof- 
fil, it appears to confift of, 58.2^ parts ftrontites, 
■ and 41.75 pari:s fulphuric acid, with a fmall pro- 
portion of iron. A variety difcovered in Penfyl- 

Vani^ 






vanki was found by Klaproth to be of ^QxBOft pMk 
xrifelythe lame compoUtion. Another found 16 
France, according to the analyfis of it by Vattqit^ 
liOy conflfts of 54 ftrontites and 45 fiilphuric acid, 
With I dT carbonat of lime, ^ 

• • • 

From thefe native combinations, the pure 
earth may be obl^ned by procefles fimilar to 

thofe by which pure barytes is obtained* ' ' 

* 

. Strontites refembles barytes m its moft eifen* 
tial properties, in its great fpecific gravity, in its 
ftrong attradion to thfe acids, in its folubility in 
water and capability of cryftallization, in forming 
with muriatic acid foluble and cryftaDizable falts, 
with the fulphuric and carbonic acids infoluble 
falts, and in exiiling in nature cornbined only with 
thefe two latter acids. Still there are differences 
between them fuffident to fhew that they are di- 
ftind earths, and to diftinguifh them from each 
other. The fpecific gravity of ftrontites ^ is^ infe- 
rior to that of barytes; and the lame difference 
obtains in their native combinations : the attrac- 

I 

tion of the former to the acids is inferior to that of 
the latter : the falts which they form are different 
J© their properties, particularly with refpeS to fo- 
lubility, 
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lubilit^, thofe df ftrontites being xttore foluble 
than thofe of barytes : ftrontites is not precipi" 
tated from its folution in acids by the gallic acid 
or by pruffiat of potaih, which barytes is: thefalts 
of ftrontites, the muriat for example, diflblved in 
alkohol, caufe it to bum with a purpliCh red flame ; 
thofe of barytes produce only a yellow flame : and 
laftly, barytes is poifonous to animals, while ftron- 
tites is not more adive than the other earths. 

/ 

Strontites has a fharp cauftic tafte. It is flak- 
cd by expofure to the air, or when moiftened with 
water — is foluble in loo parts of water at 60®, and 
in much lefs boiling water, the latter folution cryf- 
tallizing on cooling. It is infuiible. Its folution 
changes the vegetable colours to a green. 

It combines with the acids, and exerts an at- 
tradion to them inferior only to thofe of barytes. 
The SuLPHAT of Strontites is very fparing- 
ly foluble in water, though more fo than that of 
barytes ; like this latter, it is diflblved by fulphuric 
acid, and precipitated by water. The Nit rat 
o/* Strontites is foluble in an equal part of 
water at 60^, and in nearly half its weight at 2i2c». 
The cryftals which the latter folution aflfords are 

oftohaedral* 
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odlohdedral. They confift of 36 of earth, 13 of acid, 

and 33 ofwater. TheMuRiAT^SxRONTiTEs is 

foluble. One part of cold water can diflTolve i^ parts 

of it; boiling wateir. more than fpur parts of it. 

Its folution eafily affords needle-like cryftals, which 

are not deliquefcent. They contain 40 of earth, ' J 

z8 of acid, and 42 of water. The Garb on at ^ 

Strontit£S may be formed by the direi^ union 

of its principle8»or by adding to the folution of the 

muriat or nitrat, a fdution of carbonat of potaih 

or foda, when a double jdecompofiticAenfues. The 

carbonat is infoluble and infipid ; like that of ba^ 

» • ' 

rytes, it is more ealily decompofed by heat than 
the native carbonat. 

Strontites combines with fulphur, fulphurated 
hydrogen, and phofphorus, formihg compounds fi- 
milar to thofe of bary tes. It unites with argil and 
lUex in the humid way, and alfo by fufion. 
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Thist earth hay been difcovered by Klaproth in the 
CTCon, or jargon, a gem brdxight from tht Hkhi 
of Ceylon. It confift's of 3 1 .5 of filex, 0.5 of ironf 
and nickel, and 68. of this new earth, which has 
been nam<id Zircon. When obtained pure, .zir- 
con is in the fbrm of a white powder, havings d 
IJpecific gravity equal to 4 . 360, rough td the 
touch, ^nd infipid. It is infolublip in water, but 
forms \^ith it a gelatinous mafs, which when dried 

< 

becomes hard and femi-tranfparent. Itisinftifi^ 
He by the How-pipe^ but by a more intenfe heat 
is vitrified, and' becomes extremely hard. It does 
not mdt with the alkalis; but with borax it forms 
a tranfparent colourlefs glafs. It combines with 
the acids, and its f^ts are daeompofed, not only 
by the fixed alkalis, but by ammonia : they are 
likewife decompbfed by heat. It is infoluble even 
by boiling in a folution of potaih or foda. By 
thefe properties thfs earth may be diftinguifhed 
from every other. 

SeSi. 
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fonrHaod the ^etakL cMblHnfii ^tHtlx^Xi asriL 

iWfiltti lig^t;.ib& /to th^ft «fwc)&. »#lwrw piMi! 
^W«r toti^ie^ kifldiptA; It is iiljR^l^ in w«$e^ 
Mid i&fdfible bf iifid£ in tht^, it is Hvibi^ 19 
ilbdl att iteilaoiiai^ labd €%em ^trs^i^ f^ 
4^iitti iMeitneiiiajie Aietwesefi tbqfie^f ip^gneil^ an4 
KTigUi Ik falteBiQ^4it|seoisa^ ^^llbMiilei* Pfi4 b^rl^lt 
K0fy fiiediaiine l»^e^w..|^ j^p^y; by w|uch^i|L 
19; diftingm^ied £rom eyfety ptj^f €»]#). ^«i# 
Sk^Wife feluble iQ::'|hi pui^ fi^^j^il^^lis^ md j§ 
4Mb^tcf amiQDiDit^ but ^ ift iinippfi^ 1^^ 
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Se&VL — -. Yttria. 



N 



The ^co^^ry c^ this earth by £raddin, in a: foffil 
termed Ytterby from the plsbe where it i$ found; 
lias been confirmed by Vauquelin. The follow-: 
iilg are its charaders : It is. white, fmboth, ;aii4 
infipid ; is infufible alone, but vitrifies with b^m^K^ 
It combines with the acids>rf«aid. b prepipif^ed 
Aom thefe folutions by ammcmia and by pruffia^ 
of potalh. It is not foluble in tjxe fked alkalis, bj 
Which it is diftinguifh^d from glucine, which it 
^ScCembles in feveral of its ptoperties. Its attracr 
tions to the acids are alfo in general ftronger tbaQ 
thofe of this eanh, and its faline compounds h^ive 
fibt the fame tafte. As it is precipitated by pruf* 
fiat of potafh, aod eVen by tanin, and as f(»ne pf 
its falts are coloured, it has been confidered as the 
link which conneds the metals and earths* 



Sea. 
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AuousTiNs is a new earth, faid to have been dii^ 

covered in the Saxon beryl by Trommfdorff. It 

"^ , . 

is white and infipid ; when moiftened with water, 
it is fomewhat dudlile, but is not foluble in that 
fliiid; Expofed to a ftrong heat; It becomes ez^ 
tremely hard. It combines with the acids, form*** 
ing falts which are void of tafte ; and fnun 
this property its name has been derived. It 
does not combine either in ^e hmnid or dry 
way with the pure alkalis or with their cac« 
bonats. 



CHAP. 
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jjMbiNERAJU Waters xtiayt with prc^riety, be cop*^ 
lldered.a^er HA metallic ^b4 ^?T^J .foi&^t as it ii^ 
fimn tbe& that they deiiv^in general- their pecOf^ 
liBfr prbpertks. Though all waters, that whicli 
di^iids in miti $^f:epted^ may be fti}ed Mineralsi 
^ they contaio more or le& of iaXme aod ear- 
thy matters, yet the tferm is reftrifted to tlpfe ixt 
which the quantity of matter diflblved is fuch, as 
gives the water peculiar tafte or fmell, renders jjt 
capable of producing peculiar effe^s on the ani- 

* 

mal fyftem, or communicates to it peculiar chemi<? 
pal properties. 

The fubftances found in mineral waters are ex-r 
fjfftiAcljf numerous. The moft common are, car- 
bonic acid J fulphurated hydrogen; fulphureous 

acid ; 
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acid }^axbona^, fttlp^ts, ata4 i^^^l^^^ ^ A>^ hotie^ 
pxxd magne09 ; and parbonat aod Culphat of itotu 
Tbeie are vaiioaDhr internii:(ed, and tbe water 19 
claSedias acidulous, fulphureous, ialuie, or cha]j« 
beatCf accordiJog to tlic )ngre4ifnts wliiiph predo^ 
inin?ite in it* , "^ 

The firfl ftep in tiie analjfis of a mineral wa« 
ter is to afcertwi the fubftaaces it, contains^ 

« 

^ r 

Cairbonic acidi when uncombincd, or in excefs, 
may bfs dUcQvered by^ the pungent acidulous talie 
of the ws^ter, and its fparkling appearance whea 
poured into a gla&/ The chemical tefts to di^ 
cover it are irifufiqn of litmus, any of the ilron^ 
xnineral acids and lime water, the firft receiving 
from tHe mineral water containing it an evanef- 
^tolt redne^ the acids ex(:iting efferveicence in it« 
^4 linie produciiig a precipitate foluble with ef« 
fervefcence in any of the ^cids. The quantity 
laay be a&ertained by expofing the water to heat 
ia a retort^ coUeding the gas in a jar over mercur 
fy^ and introducing to it a folotion of potalh, by 
y^!^ t)ie c^booic ^cid gas is abforbed^ 



Sidpbweous 
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Sulphureous acid is difcovered bj its fmell^ by 
giving a permanent red colour to a folution of 
litmuSy and by rendering colourlefs an infufion of 
rofes. It^ quantity is eftimated by expelling it, 
expofing the gas to a folution of potafh» and ob- 
taining the fulphite of potafh ; or by adding to it 
fulphurated hydrogen as long as any diminution 
of vdlume is produced. By this means it may be 
feparated from carbonic acid. 



Sulphurated hydrogen, exifting in a water, is 
difcovered by its fmell^ by the depofition of ful- 
phur from it on expofure to the air or on the ad- 
dition of nitric acid, by blackening filver or mer* 
cury immerfed in it, and affording a dark-colour- 
ed precipitate with acetite of lead. The quantity 
of it has been eftimated by expelling it from the 
water by the application of heat, but the whole of 
it cannot thus be expelled. Mr. Kirwan's me- 
thod is to inclofe a quantity of the water in a jar, 

't 

with atmofpheric air, which is inverted in wa- 
ter : nitrous gas is pafled through the water, 
fo as to combine with the oxygen of the atmo- 
fpheric air : nitrous acid is formed, and this, be- 
ing abforbed by the water, decompofes the fulphu^ 
rated hydrogen j the quantity that has been pre- 

fent 
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ient may: be dHcovered &ofgL ^he quantity of ful- 
phur precipitated^ 

; When fuj^hnrated hy dit^en and carbonic a-* 

cid exift together, in a mineral water, the air ob- 
tained from the water by heat |s expofed to ni* 

trous acid, by which the fulphurated hydrogen is 

immediately abforbed and decompofed^ 

% 

After the gafeous fubftances exifting in miner- 
al waters have been afcertained, the iblid contents 

are to be examined. 

• • • ■ . ■ I , 

The mineral acids, when uncombined with 
any bafe, are difcovered by the water giving a 
permanent red colour to vegetable infufions— >the 
alkalis, by changing them to a green. Thpfc 
fubftances, however, are very feldom found. 

4 

The neutral and earthy falts are the chief in- 
gredients of mineral waters. We have to afcer- 
tain the acids they contain, and the bafes with 
which thefe are united. / 

Sulphuric acid, in combination with the alka- 
lis or earths, is detcfted by muriat of bary tes, ace- 

tite 
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tite of lead, • and mttAt of mertory ^ 'The 
the moft delicate teft* To preveiit it;» taOfirwcri 
from affording a precipitate, from the prefence of 
the alkaline or earth j cairbbnat^ it is' necefiaiy to 
add, prdviouiiy to the water^ a. fmall ^piaiitkjr inS 
pare nitric ot muriatic acid. ^ 



■'•". 



Muriatic acid is detefted hy tbe nitrtt iif ®* 
Ver. The tame caution muft be ufed in employ- 
ing this teft as with refpeft-ta ifhe niuriat of bary- 
tes in detedting fulphuric acid^ It is alfo preci« 
pitated by the alkaline or earthy fulphatSs 5 afi4 
thefe muft therefore be alfo previoufly deCompo- 
, fed "by nitrat or acetite of bary tes* 

Carbonic acid, in a iiate of combination wkll 
the alkalis, may be difcovered by the eflferve& 
cence produced by the addition of fidphuric acidi 
and by muriat of barytes forming a precipitate 
Ibluble with efferv^fc?ence in nitric or muriatic 
acid. The alkaline carbonats are diftingt^ed 
by their power of changing the vegetable coloUn^l 
the earthy and metallic carbonats, by being 
precipitated when the water is partly evapor^ 

atedi 

• •• 

Thefe 
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^efe «rE the acids tifually met ^th in miner* 
tfl waters. They are commonly combined witb 
the fixed alkalis, lime, magnefia, tft argil, o^ with 
oxydcikon. * 

Lime is ifnmediaiel^ predipitated ftoni all its 
tombinations by oxafic acid* Some of the mi» 
neral acids, however, either decompofe this acid^ 
or hold diflblved the precipitate it forms with the 
lime. This fallacy is in a great meafure guarded 
«igainlt by trfing. Hot the ptire acid, bnt ozakt of 
|k>tafh. Sulphuric acid is alfo a teft to difcover 
lime ; but It is one of much lefs delicaty. 

Amihonia and lime water are the tells of mag* 
iiefia, the former precipitating it partially, the lat-^ 
ter entirely* In order that it may be accurate, it 
is neceffary to remove any carbonic acid which * 
may exift in the water, by Adding nitric acid ; and 
any fulphuric acid, by baryted. Another fource 
of fallacy, not lefs importa^nt, arifes from Wgil 
being precipitated by thefe tefts, as Well as mag^* 
iiefia. The nature of the precipitate may be dif- 
covered by difiblving it in nitric or muriatic aCid i 
and again precipitating the folution by carbonat 
Vol. II, Bd of 
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of potaih. If this dried precipitate be fubjeded to 
the adion of diluted fuljdiuric or muriatic acid, 
it will be immediately diflblved if the earth be 
maghefia, while, if it be argil, it will be fcarcely 
touched. Another teft which difcriminates be« 
tween thefe earths is carbonat of ammonia, which 

affords a precipitate with the argillaceous, but not 
with the magnefian ialts. ~ By thefe tefts, argil is 
likewife difcovered. 

Of the metals, iron is the principal one, found 
in mineral waters. It is difcovered by the gallic 
acid, or rather the infufion of galls, which produ- 
ces a purple or black colour with it, or by the 
prulliat of potafh, which gives it a blue colour. 
The former is more accurate, and is even more 
delicate than the latter : the colour it produces is 
varied, however, in its ihade, by certain falts 
which the water may contain. By applying this 
teft before and after evaporarion or ebullition 
of the water, we difcover whether the iron 
is combined with carbonic or fulphuric acid. 
If it b^ with carbonic, the colour is not produced 
after the water has been boiled, as the oxyd is 
precipitated. 



The 
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The alkalis, wlien in a ftate of combination, 
connot be difcovered by any very ftriking tefts*. 
When combined only with carbonic acid, they 
retain the power of changing the vegetable co- 
lours ; and the peculiar fairs which they form 
with the different acids ferve to diftinguilh them. 
With oxalic acid, foda, forms a fait fparingly foU 
uble; while potafh forms, with the fame acid, a 
fait jsafily diflblved. With tartarous acid, on the 
contrary, foda forms a foluble (alt ;. while with 
potafli, an acidulous tartarite is formed, of compa-* 
ratively fparing folubility. 

Siliceous earth is contained in fome waters, not 
combined, however, with any acid. A portion of 
potafh likewife generally exifts in fuch waters; 
but this is either in the ftate of carbonat, or in 
fuch fmall quantity that it cannot be confidered 
as the folvent of the filex. This earth may be 
difcpvered by evaporating the water, and adding 
to the folid matter nitric or muriatic • acid ;' the 
filex will remain undiiTolved ; and its nature may 
be ftill more clearly proved by fufing it with ei*- 
ther of the fixed alkalis. 

Befide^ 



i 
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Befide^ thde tefts, by whkh the ConftitOent 
pparts of the ' u&ial faline combii>atf ons in waters 
may be di£:6vered, there are others, by whkb £;<- 
veral of thefe combinations may bedire^y de^ 
feded. Of thefe alkohol i3 the "principal. It 
precipitates fulphat of lime, the aDcalitie fulpbats^ 
^od the fulphat of argil and mag^efia^ while it 
dilfi)lyes the Qiuriats or pkrats of lime andmagne« 
fia. From thefe differences in felvent poWor, al«» 
kohol is employed with advantage in the analyfi^ 
of mineral w^ers, to dlfcover and feparat^ the% 
falts, 

£vapp]eatioB U another m«an by vrhj^the exi> 
tfieoce of fe veml faline combinations ih minerri 
l^ateirs may be difeovered* being feparat^ at cer« 
lain ftages of the evaporation. Siliceous earth;^ 
fulphat c^ lime> and the earthy ouobonats, may 
^us be obtained* 

Lafily ; by e:$pofure to the air, feveral fidrilan. 
ces are difcoytred. Thus otydioE iron is precipi^ 
tated) as is klfefcypluir, ftopn fn^pbuiated hydras 
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The fecond part of the analyfis of mineral wa- 
ters is the eftimation of the quantities of the fub- 
itanqes which they contain. This, however, is a 
fubjeft of which an abridged aiccount would be 
ufelefs, as it confifts entirely of minute details* 
It is fully treated of by Mr. Kirwan in his treat«i 
ife on Mineral Waters. 
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OF 



VEGETABLE AND ANIMAI4 

SUBSTANCES, 



nn HE fubftances formed in the animal and ve« 
getable fyftems are all compoundsi and are 
diftinguilhed from thofe which have hitherto been 
noticed, by certain chemical charaders. Though 
numerous, and extremely diverfified in their pro- 
perties, they confiil of nearly the fame principles, 
united only in peculiar proportions and modes of 
combination. Thefe principles are combined in the J 
vefiels of the organic being, under circumftances 
indefinitely varied, and which art cannot imitate ; 
and therefore fimilar compounds cannot be form-/ 
ed by the ufual chemical means. They exift in 

thefe 
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thefe compounds with their mutual attradions fo 
nicely balanced, that the llighteft caufes are fu£- 
ficient to alter that balance : thefe compounds 
are, therefore, eafily decompofed ; they are en- 
tirely changed by expofure to a moderate heat j; 

they are eafily aded on by the diflferent chemi- 

» 

cal agents ; and they are fubjedl to fpontaneoiis 
decompofition, arifing from the re-adtion of their 
principles on each other, and conftituting the pro? 
cefles of fermentation and putrefadion. As the 
fimple principles of which they are formed have 
ftrong reciprocal attractions, their analyfes are al« 
ways of the complicated kind : when decompof« 
ed, their principles do not pafs off pure, but entec 
into new combinations with each othe|r. And^ 
laftly, as their principles are nearly the fame in 
all, the fame, or very iimilar produds aie aflbrd- 
ed by 'the analyfis of each« By thefe charaders, 
the products of organifatioh are peculiarly dif- 
tinguifhed. . 

The ultimate elements of thefe fubftances are 
chiefly carbon, oxygen, and hydrogen, in the ve- 
getable produds ; and the farae principles, with 
azot and phofphorus, in the animal fubftances. 
Sulphur, iron, manganefe, gold, filez, lime, and 

the 
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dkalis, are like wife difcovetedmidieirtM^iit- 
on, bat otdy }n incoisfideiabie prq;>ortton. 
and iron are the moft conftant, and thofe 
«dndi are prefent in the large(t qu^stity* 



Hie vegetable differ from the animal fubftan* 
ce9 in certain chemical charaf£ieri5. The la^r 
are more pectdiarly fubjed to the procefs of pn^- 
trefadion ; and when decompofed by h^t, be« 
IG^t the emj^reumatic oil and acid, the hydro- 
carbon, and carbonic acid, which vegetable mat« 
ter affords, they yield a large quantity of am- 
Bionia, and generally peculiar combinations df 
hydrogen with fvdphur, phofphorus, ^nd azot< It 
IS upon the prefence of thefe three fubfhnces in 
their compofition that thefe ^culiaflties prm<^ 
pally depend. 
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tit f«i ^OkMAtlON 6»'tirK.Vld| 



1 A B Strudlure of v6gMiaMi» ik in inahy feQte^ 
fimilar to that of animals.. It confifts of folid 
j^tefii fhrtifagti #Iiicfa yifl^Ts of difterent kinds are 
dMhibuted, Afid otgatfj, in wMcIi fintiaions, fimikO^ 
t<t tftofb rf at^ds, are peiformtd. 

The folidt parts are the ftem, of ttunk, the 
bitches, and^-the ro6t* l^hefe coilfift oF the pith 
or internal ioft fubflahce \ the wood, which is of 
^ a denf^r texture j and the coffering, or hart, fub. 
£Vided iiit:6 tbe epidermis, of outer coat, the eel* 
liiklar tiflue^ or envelope, inchlding a green pulp^ 

matter, and tht cortical layers, or ftrata, next to 
Vol. a £ e the 
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the wood. The root is compofed almoft* entirely 
of the woody part. Attached to the branches are 

the leaves, the texture of which feems nearly the 

, • • ••• ... * ^ 

fame as that of the cellular tiflUe. 

Through thefc parts, veflels are abundantly 
diftributed. Of thefe, three kinds have been ge- 
nerally diftinguifhed— the general Circulatory vef- 
fels, or thofe which convey the fap, or common 
juice ; the Proper veflels, or thofe which convey 
the peculiar jiAces of the plant after they arc 
formed ; and the Spiral veflels, which have ufu- 
ally been fuppofed to contain air. 

The firft of thefc occupy chiefly the middle 
of plants, rifing longitudinally through the roots, 
but communicating freely with every part, and 
conveying a juice, generally colourlefs and infipid. 
This juice, by its motion in thefe veflels, and per- 
haps by elaborations which it fuffers in bundles of 
fmaller veflels, termed Utricles, is changed into 
fluids, of a nature entirely different, which are 
conveyed \}y the Proper veflels. The third fet, the 
Spiral veflfels, occupy every part of the plant, 
except the bark, running in a perpendicular di- 
reft ion. As they are generally empty, their office 

has 
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has been fuppofed to be to abforb and convey air ; 
others have confidered them as the abforbent veC^ 
fels of the plant, drawing in fluids with open' 
mouths, and being generally found empty, from' 
their rigidity preventing them from contradling 
when cut. — In the leaves of plants, there is an 
abundant circulation by means of vefiels. A- 
large veflel generally runs through the centre of 
the leaf from the bafe to the point; which fends* 
out branches that extend to very mipute ramifi-i 

cations, that inofculate freely. 

* 
* . ■ • » 

As in this general ftrui^ure of vegetables there 
is a great fimilarity to the frame of animals, natu-: ' 
ralifts have inferred, that both fpecies of organifed 
beings mufl; be endowed with fimilar powers. At 
one time indieed, it was attempted to explain all 
the motions obferved in vegetables from mecha-> 
nical caufes : the rife of the fap and the propuU 
fion of th^ fluids were afcribed to capillaiy attrac* 
tion, and the motions of different parts to elafticU 
ty of fibres. But fuch caufes are utterly inade<« 
quate ; and the fimilarity of thefe motions to thofa 
of animals which are performed for the attain-^ 
mcAt'of fimilar eAds, authorife the conclufion, that 
they origiaate in a fiimlat c^ufe^ 

The 
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Theprqperty by yiucbliviiig^]»iiialB|,9t|ei? is ^ 
Kingwfhed, wdfrpm wbi^h t^ ouDdii^^^p^^i^ 
tpfult, is JrrUifkili^,^ the prpperty of ponitni^liiig 
£rom certain iinpi)e0]0nfi, £very motiiw ]|l mfg^ 
tables demoi^mte^ tiie e^ifteace of a fimiliip 
po\yer, 94^ng nearly by tbs &mt Iaw«. The al^f- 
forption of cxferpal inatter, the pioppdfiga of tiff 
%), the numerouf ieoretioj^s which they fs^Qxm^ 
the motioDs of tibeir leaver, their fufceptihiUty ta 
the impceifioos of external agents, light and dai](^ 
nefs, heat and cold, moifture and ele^nc^y s tbeic 
iprowth, and the formation and evolution of the 
emhsyo pitet^r ase {dienainena iyiptlinabig oii 
any principle pf mephan^, and may be tiaxpQSLj 
dedisced fpom the opei^iiticiii of an irritable priiu 
<sifile. TiuB principle too, like that of maima^, n# 
qwics tbe applica^oA of certain ftimuli to pio« 
dace thofi^ motioDs; whcfn thefe ^ve wkhdrawn, 
th^ ^sidions eeaiip j from their copftaiit or exceC< 
$ye 4ppiicatipii« a wafte of powet is produced; 
and if, by ^ |iQre¥io|B abfti«dio|i of vfuai ismii^ 
the poD99r has bepn accmmaiated, it wiU be rapi(|« 
]y wha^fted by the applicatiop of a It^aofidQs «m|p 
derately ftrpagr lie effedis of ibil, of caoifliiGe, 
of light, and of heat i^n plants^i^ their fleep, 
geiipipatipn, ei^oaefomce, (jfu^^catioa ^ .de^* 



differs fr»3 tbdl 4f »Q^qi!>l« i InM ttu^e dijOsmnpff 
are not greater than differences tobe found in the 

wg^ i nor 4» t^ey inFa}i4at$ tkif copclufion, th^l 
|i]9fit# po^ f»€)j» ^ pqiwj^.^a power, not of 
a»»ye ^l^d^itjryi^ldiDg 'to impre^n, but pft^ ^ 

•JPh? foedli^ perfpRHfd by vcgetaW«, fvfy,, 
(«m^ m tfee i909a^ jEjf t^fjr chemipsJ p«9« 

du6l^ «« Al^^tiaio, J^nT^imiot^, Kefpffat^n, 

tke tppt, baprk, aad leav^. Tbefe veS^lg ^ Q@JI^ 
take iqp wfaatever is prdcoted to them, da^y ifi* 
led what is proper for the nutrition qf the .plant % * 
and this, diluted in a large portion of water, forms 
the coianon lap. 

tfie j^uaqidi^ i£ imtt^K tlueQsi» Q»t ia tiiif v^y ^ 

often 
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often vejry great. The perfpirable matter feems 
to be principally water, with at leaft a very .flight 
impregnation of vegetable matter. The perfpira- 
tion is increafed by a high temperature, by the 
itimulus of light, and by a dry atmofphere. 

Rpjpiration is another fun<^on fuppofed to be 
performed by plants, and there is no doubt that 
they are affedled by, and produce changes in, the 
furroundmg atmofphere : by means of their leaves 
they abforb carbonic acid, and \Vhile they are ex- 
pofed to light, they throw out oxygen gas. The 

• • • • • « 

fap circulated through the leaf undergoes chemi- 
cal changes, partly by the adion of the veflels,' 
^aftd partly by the chemical agency of light. 
Part of its water, and perhaps alfo of the carbofiiQ 
acid which may have been abforbed, are decom^ 
pofed; the hydrogen and carbon are retained, and 
the oxygen is difengaged. When the light is 
withdrawn, thefe adUons are altered, and carbonic 
^cid is difcharged* 

Secrietion is the fundion by which the veget- 
able produds are principally formed ; the fub- 
ftances taken in, and elaborated in the veflels, be- 
ing tdtimately changed by new combinations of 

their 
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their principles. This is performed by a procefs 
no doubt analqgous to fecretion in animals : the 
Utricles are fuppofed to be the glands, or fecreting 
organs. 

Circulation cannot properly be faid to exift in 

the vegetable fyflem ; as th^re is no point from 

' .1 

which a fluid is propelled and to which it returns. 
It feems probable, however, that a kind of circu- 
lation is carried on in the leaves. Dr. Darwin 
fuppofes, that the large veflel paffing through the 
middle of the leaf conveys fap, and performs the 

office of a pulmonary artery, by diflxibuting the 

... ^ 

fluid over an extenfive furface expofed to the at^ 
mofphere. From its extremities, the fluid, chan-* 
ged in its comppfition, returns by veflels running 
along the under furface, and thefe, uniting at the 
foot ftalk, pafe perhaps to the utricles, or to other 
parts of the plant. 



The food of plants, or the f apply of matter ne- 
ceflary for their growth and ,the formation of 
their various produds, is derived from the air and 
foil. It confifts of water more or lefs loaded with 
vegetable and animal matter, and feveral gafes, 
which this water holds diflblved, or the atmo- 

fphere, 
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fbbfttuciees U ia gen«tal r^qtrifite to pt«^« thigfit 
ftibftaticies fof Abforptton i ixA tht ta^tcy of 
lights partly as a ftimulus, partly as a chefliStid 
power, is indifpenfible in the proceis of vegeta* 
tioA% 



The utility of the IbU iooBfb prindpafty WL 
aibtditig a fupport to the grdWittg tegetabki 
md ki V)OtiYeying to it water ai(»re dr Ids (htfd^ 
R has beeit fufllcientfy demotiftrated^ that littfai 
6f the urth itiblf is i^orbed. Froftt experhSA^nt^ 
it has been fliewn, that die earth in which tf plant 
grows fufftxs Jcjktctkj any dhs^mition c£ we^^ 
aU diat maay plants may. be made to grow ill 
l^ufe water abne. 'Parafitic plsnts^ aikl tbofe 
which grow . upon ftones or rock^ can derive M 
ADOrifliment from the earth ; and the. analj^S 
of vegetable mditter has fhewn, that t^eiir foltd 
parts and all their products are compofed of prin« 
Giples entirely dififer^nt from the matter cf wt^h 
tbe foil confifts. It has therefore b^n ^oftclud* 
ed, that air and water fimiijSl a prineipat fiajrt df 
the food of every vegetabk ; and l!hat tfi^y cftft 
livt add grow Upon the& alotiei Objttaiom haVft 

been 



/ 






VEOETABLE PROBUCtS. il") 

bddn urged againft this conclufion ; but they are 
&i^ed ;Upqn experiments, the accoracj of which 
may be juftly queftioned^ r . 



*i 



Water inters largely into tl^e compoiition of 
every kind of vegetable ^ but it further proves ntt- 
tritbus to vegetables, by being decompofed in 
dieir veflels. Hydrogen is perhaps the moft abun- 
dant element of the greater part of the vegetable 
produ<^s^ and in plants fubliiling on water and air^ 
tb^e is no fource whence it can be derived^ . but 
from the decompofition of the former. The hy« 
drogen.is retained, part of the oxygen is alfo pro- 
bably, fixed in the vegetable, though the great- 
er part of It appears to be thrown out by the 
leavesi 

I 

Eronl the atmofphere, plants^ it has been prov« 
edi j^hforb carbonic acid by their leaves, ^and this 
may likewife be conveyed to them by the wat^ 
abforbed by their rdots ; the carbonic acid being 
heavier than atmofpheric air, ^nd therefore de- 
fcending to the ibil* Art can fcarcely eSt& the 
decompofition of this acid ; but in the veflels of 
vegetables, where the moft complicated affinities 
Vol. It Ff are 
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dure inronglit into play, and uoderiraritariflQi£^« 
jng citcumftanoes, ftch t a ^ nieGiOiiipofition iiis : £a£- 
ficiently poffible. It is the ^mlj aiid^nt^fobsee 
whence the carbon contained hi thbfe vegetables 
/wbi€^:SVOW' In Water ran^ air cftn be derived ^ and 
itrhas been fcftrnd, tSmt pJaAts fiippiidd iw&& iwater 
imt>re8naCed wteh 6aribbnic acid, /afibrd move 
.4«ygen tiian when./puTo vmttr is ^iSMai rio 

^ As Tegetables abfoirb lq?!dcogenLga&ivhen^'CM« 

-filled In it, at'is pMbabletheymay abfalrb the 

^hydrogen oceafionally paffittg.tbroa|^ thextmo- 

-^here from the. decompofition of vegetable' aUd 

•al;^mal mister. ThelnSueoce of the azxstof the 

air feems to be inconfiderable : little of it proboU^ 

is abforbed, as it fcarcely enters into the compofi- 

tion of thjeir l>K^d»As. The abforption of oxygen, 

. ir is i^^onable toi <x>nclAde, is equally inoonfidrr- 

•able, as morerof this ^jefflent^iaaffiffidedibyitfae 

decomj^tions: going ^n* in the vegetable fabflan^ 

ces, than is neceffaty to be retamedr Oxygen, 

?J>owever, <fpecially when ap^illedito the roots,^by. 

-having been :ab£>rbed by Mfater; appears: to «be43&- 

: ful as a ftimulks to the plant ; ^and/heseew part 

rid explained the fertiUfiAg influence of daw^^r 

In 
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in< ther ppoQsfs . b^r which tfacdfe fobftaoos^aio 
n»idcredifttUetvi«nt to the nutntioa of the vege^ 
tsbte^ li§ht' aiSft- ao important part; Whoa it as 
^dttddd; the^ufu^^psoduds areiK^lQngjqrfQrmn' 
edinoospgeA g|8 ii dilbhargod; but^that ppiur 
tfon^ of carbmic acid: Which is^ abforbcd, foems toi 
be maitly thrown out luichaDged. It is not b}^ 
tha haat} whioh> It excites that it i^ders ^eg^ta^ 
tibft ¥^rau^ fiiii» fuiiequal heapt, applied by aBjr; 
olher means, has not the ' fame ^ed;. l£ may adf 
paitly- by its ftiomdiis, czciiaig. the TefieL to fiiiong^. 
er adion; but neither can it be folely by thia 
mode of operation that it proves ufefid« fiace the 
fubftitution of other powerful ftimuli, ought, for a 
tiiae M: leaftt and to a certaia extent, to be prodjac** 
tiTe of the fame phenomena. It therefore ads a^ 
a. chemical ^\rery pcohably by exerting an attrac* 
tioa either to the oxygen of the water and car^ 
bonic acidf or to their carbon aqd hydrogen^ and*^ 
thus promoting the attradiaas of the vegetable.^ 
matter' already exiftii^ in the &p, or compofing: 
the. Tel&l$'<^b7 which joint affinities, thefe com-; 
pcmnds are decompoiedr 



'\ih» 



Sticfa isl3i^ moft iuaple view of the theory <^ 
fetation. The vegetable, by its own powers,' 

affifted 
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afiifted by the agency of light, decompofes part 
of the water and carbonic acid which it receives^; 
the carbon and hydrogen of thefe, with part of 
the oxygen, are, expended in the formation of the 
vegetable produds, while the fuperfluous oxygen 
18 thrown out : hydrogen is alfo, perhaps, to a 
certain extent abforbed, with a fmall portion of 
axot ; and, either from combinations of theie e]e^ 
ments, or, what is more probable, from the foil, 
'by the medium of the water abfcnrbed, may be 
derived the fmall portion of the faline, earthy, 
and metallic fubftances which are found in vegc^ ' 
table matter.. 

But there are many vegetables which re- 

< < 

quire other nutritious fubftances for their fup^ 
port and growth than water and thefe gafes^ 
This is proved by the moft familiar fads. Many 
*^getables flouriih only in certain foils; thoiQ 
which require a rich foil, vegetate feebly when 
made to grow in a poorer ; and many of them 

foon exhauft the foil, fo that it requires to be re- 

I*- 

fiewed by artificial means. It has likewife been ^ 
^fcertained by experiment, that even thofe plants 
tjiat are capa1;)le of growing when fupplied with 
\!jr^ter and ^ir alone, are flill more vigorous whe^ 

^ placed 
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placed in a foil which affords matter more dire£t« 
ly nutritious. 

' 1 
Of the fubftances whicl^ contribute to the \ 

growth of vegetables* the moft neceflary is de- 

compofing vegetable and animsd matter. It fur- 

niihes matter already affimilated to the nature of 

the vegetable, and it conftitutes what is teiqxied 

the richnefi, or fertility, of a foil. , The water 

prefent difTolves the mucilaginous and extra^ve 

matter, and is abforbed by the roots ; and during 

the decompofition or flow putrei^dion, various . 

gafes, particularly carbonic acid and carbonated 

hydrogen, are difengaged, which are probably ta<. 

ken. up by the abforbents in the roots of the plant, 

and afford diredly the elements of which the ve-' 

getable produds are formed* 

Befides this fpecies of manure^ which is the 
only one diredly nutritious, there are others which 
are fcarcely lefs ufeful, by promoting the decompo* 
fition of the vegetable or animal matter which it 
contains. 

The adion of lime is to be explained on thb 
principle. Though various indhredt advantages 
^ derived fr(yn it in improving the foil, and 

] though 
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ttioagh it^ ads as a < fturinlos to the phtit; ite 
principal utility feems to depend on its hadtenidg 
the decompofition of the vegetable matter, by 
wMcfa thd dffibrent gafe$ capable of cootrtbuting 
to'the nottnihnfient of the plant aremoie abutid* 
atttly^ fuppUed^ Hente^ it is ufefal ptiooipatly in 
thefe foils which cbntdsn nfuch vegetable and ant- 
tioti matter; aifid when this is ei^aufted^ the<lime 
iS'lefif itftifnl till tSife earth is again manured. In 
promoting this deeompofition, it may aft by eemr 
bining with ond or other of the component p«rfis 
of the vegetables matter, and thus breaking tite. 
order of their attrai^ns ; or perhaps, by a^ diip&* 
&ig affinity, artfing &om the fttong attradiM it 
has to carbonic acid. ' 

The laft clafs of fubftances which promote vc* 
getation are thofe which ad as ftimulants to the 
vegetable. Light, though a^ing as a chemical 
poweif, likewife ftknula«e$ the vefleis^of pksM to 
ftronger adion, and hence renders the eurcife of 
tfheir ftmdibns mott v^dxt)us. Heat is not a fefs 
powerfid (limulant, and is of all others, perhaps, the 
moft neceffary to vegetation. Oxygen contributes 
both to theconlmencement and progrefs of vegeta- 
tioft,^partl7 by rti chemical ageflcy, and pardy by 

• itf 



.*poctaixt;p]a£ikes iofiagricoltiir^ aie fiuioded im 
. the necdBby :o£ tUb; appHcattcm d£ oxfgm^ lefpeQi- 

ifoviisg ftatdLibe wrioos circiaBflaiicer iitflih 

41^'geaeral view- of /the ishanges' wfaieh: lake plaw 
^in idiis fracKft. iAl? fimd, . iBhrohaisi the >er%in. w£ 
"* -dTi^iTr T^i^get&ble, ^codfifts of two {idnctfRl^psilSiiip. 
i)lie Genu, iOi^ fiaMiU^bn^,'^!^^ apfms^ito be ifa& 
^part endowecbwhli^Iife, ' th& ^plts^iof the jdaot^ 
,^d^.lhe* Seed L9h9s whichjare^ ^ttd€fasdv.ta;i|:,^p. 
'When -pkced in adfittiation favourable iter v^gnb* 
^on^atahf^rbs moiftuiei becomestfiDfc, andifwdts.; 

oxygien is vabftmftediroIn^dleair in joxntsft irith 
4tya{ldcofnlHms^«9tb,4ir flxSfs infncha paiuMrjaii^ 
'€|n the ie^ iDbes,' as ,to change ihem;tQafi^ 
-ftanee of a Xaceharine nature, whifeh' ferves .for 
iihe nntn^n of the germ. -&$/ gci«¥th 3»sins ; 
^SA fuii^ion of i^ibrption by 'Which, ks aoaiifii* 

ment is to be continued is eftabliihed ; 4U[idiUie 

fundions of perfpiration and refpiration foon com- 
, -ffience. 3Water^ more or ;lefs im 

matter from the .foil, .is taken up^ by thecoot^; 
> carbonic add- and: other gases are^rec«ved &om^ 

the 
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the furroimding atmofphere, or from the dc^ooi-. 
portion of the matters contained in the earth. 
The mixture of thefe fubftances forms tbt fap, 
which, m itsr progrds through the vegetable, is 
more or lefs mixed with its other juices, and chan« 
ged by the adion of its veQels. It is. brought 
to the leaves, and circulated through them^ fo 
as to prefent a very extenfive fuxface covered, 
'with a very thin membrane to the atmofpheric air* 
. A great part- of its water is thrown out by perff^- 
xation ; carbonic acid is probably abforbed ; and 
napon this fap the light a&s by its chemical agen- 
.cy, as well as by its ftimulating power, promcAing 
the decompofition of part of the water and carbo- 
nic acid. The greater part of the oxygen, let 
loofe by thefe decompofitions, is thrown out by 
the leaves; the fap^ with the increafed proportion 
of carbon and hydrogen, is conveyed to the fe- 
creting organs of the vegetable^ or is further ela- 
borated by the veflels, fo as to form new combuHu 
tions, adapted to the various purpofes of the vege- 
table economy. 

In the various ftages of the growth of the ve- 
getable, and in different plants, the fap, or com- 
mon juice from which thefe produds are formed, 

varies 
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Varies in- its compofition. In the analjfis of it by 
V auquelin aocT Deyeux, it was found to contain, 
befides a portion of vegetable matter^ fugar, tanin, 
gallic acid, and acetites^of potaih, lime, and argil, 

and carbonat of lime. Scarcely any conclufion 

'^ - _^ 

can be drawn from thefe analyfes, as it is difficult 
to obtain the fap entirely free from the proper 
juices of the plant. 
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CHAP. 11. 



Of th« proximate PRINCIPLES of 

VEGETABLES. 



X HE Analyfis of vegetables is of two kinds. We 
are able, by an immediate analyfis, to refolve their 
prodnds into certain principles, diftinguiifhed from 
each other by peculiar chemical qualities; and 
by a further analyfis, we can refolve thefe 

« 

principles into fimple elements, principally into 
carbon, hydrogen, and oxygen, united in fome of 
them with azot and lime. The former are term« 
ed the Proximate, the latter the Ultimate prin« 
ciples of vegetable matter. 

The proximate principles exift in the different 
parts of vegetables, and in their various products, 
in a ftate of mixture or combination, and are fe* 
parated from each othei^, fo as to be obtained in 

dillina 
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diilihift. ftates of exiftence, by means founded on 
their chemical properties, or on their relations to 
other chemical agents. This forms the immediate 
wgetable analjfis. Suppofe, for example, that 
the compofition of the bark of a certain vegetable 
is to be afcertained— -If it is macerated in water, 
the water acquires ts^e, colour, and other proper* 
tiesr-* a proof that fomething has been diflblved. 
If it is heated with the water in clofe vefiels, a 
portion diftils over, which has odour and pungen* 
cj ; and thus fmne volatile principle is obtain- 
ed. If the remaining matter is digefted in alko- 
hoi, a fubftance is ftill extraded, which had reiift'- 
ed the adion of the water and of heat. By re-« 
peated experiments of this kind, nothing is left 
but the w6od7 fibre of the bark* 

In this manner a number of diftinA fubftances 
may be obtained; and of thefe, varioufly mixed 
and combined, the vegetable produdions are form-* 
ed« It is to thefe proximate principles chiefly 
that the attention of the chemift is direded, in 
examining the produds of the vegetable king^ 
dom. To examine every individual vegetable 
fttbftance, would be an endlefs labour : and in a 
ph^mic{il point of view, it would be one qompanu 

tively 



isvtl}^ ufelefe, as mai^ of them ^^imld i>e fouad & 
much alike, tlbsLt no difcTiminatic^i of them . as 
tfaemical agen^ could ^e eftablUhed; Tliey are, 
thiirefote, confidered in a more general point of 
view. The different fufoftances e^cifting in vege* 
tables which can be fejpafated fiom' eadi other^ 
and diftinguKhed bypecufisur prc^itcies, fikm: fd 
ihanjr genem ; and to tbefe the inrefttgatioBS of 
liheimftry are edn&ied; ' 

The "vUinuae anidyfis of regetable^ is merely 
the decontpofitbn vi their proKimate principle's 
It i^ e&ded in yarious modes; 



1' 



When any vegetsd)^ matter i$ expofed to a 
temperature fuperibr to a 12^; its water is irft efx- 
pelled, the decompofition of its principles then 
commences, and its elements enter laato new com* 
bii^tiens* A coloured empyreui»atic oil diftik o^ 
yer, accompanied and fdlowed^by ati acid liquor :• 
carbohic acid and carbonated hyAtoffin gafes zte 
difcbarged^ and a quantity of charcoal remains, 
coniifting of cafbonic acid and mimite poniom^ of 
faits, earths, and metals, which the vegetable mat-- 
tir had •contained. Thefe pi^odnds ^tt -^ot thofe 
yAAc\k ' -ejufted in tibe vegetable fnattec, but are 

new 



oeV ^inbifiatioQ9, ari&ig .&$mi tlie 4eac>iiipdstB» 
of tfa^ pf osimftti? prmciples, ^ the wmn of tj^ 
ekmeiit9 in new modes and pmportions. Tlie ml 
irefoSts &iffl9i tbfe Hoic^i of pact t)f the hjrdrc^^ 
wttb p»t W the c#rhrai c^ theie pimeiples ; dM 
acfiiyirom the cmigK^iiatiDn of aBtrtfaer pprtion of 
csrk)n 3Qd liydmgea with oxygen $ th«€«riiQmQ 
acid .ai3kd ^rbanftfc^ hydrog^e^a we iimikf iw* 
dofts ;: md (4^ nsflnafiuig f^moal arife^ from tim 
exce& of carbon, not fpi^« in the Sotrmtiop^ of 

* * * * 

r Fiom fij^eh Bn analyfi), Ittde h kamed^ of tha 
matter fvibjeded to it ; for. although. the prodttfti 
can be colleded, and their compofition by a fur- 
thf^r analyfis afcejrtain^dy ycit experiments of this 
Idkid are liable to ib^rc^s^ of errpr nearly inapprepi^ 
a|^. From flight variations in the ftiut^ of the 
matter ^nalyij^df w^th refped to hymidity, off 
fiom ML flighter v^si^tions of teqiper^tuipe in eon-, 
dnftingthe experiment, important diiferenc^s 'm 
the refults will be produced; and we slsq W^i 
wHe uQdbJe to aicert^in what quantities oi t|iQ 
pyodtwas of tb^ ^nalyfis feave pre-exifted iii Ac. 
vegettOde matter, or have, been a^ftually fotmof* 
W? *c^W^f therefore, only fome general inform 

mation. 
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mation. If much acid has been affi>rded by the 
analyfis, we conclude, that the matter analyfed 
has contained a large proportion of oxygen, as 
that matter is indifpenfibk for the produ£Uon of 
acids. If much oil has been obtained, we con- 
clude, by a fimilar mode of reafoning, that hydro* 
genf has been an abundant element of the matter 

analyfed. From the produdion of ammonia or 

» • • 

pruflic acid, we infer the exiftence of azot : from 
the quantity of charcoal, We draw fome conclu- 
fion as to the quantity of carbon exifting in the 
vegetable ; and by burning this charcoal, we did 
cover the quantities and kinds of earth and metal 
which it has contained* 

V 

I 

Sometimes vegetable matters are analyfed by 
heating them in contad: with atmofpheric air, fq 
as to excite combuftion ; and from the produ6ts, 
determining the nature and proportions of the 
cbnftituent principles. Certain principles can 
likewife be analyfed by fubje£ting them to fpon- 
taneous decompolition, as faccharine matter, for 
example, by the procefs of fermentation : and 
laftly, vegetable analyfis may in fome cafes be ef* 
feded by the agency of the nitric or oxygenated 
muriatic acid, which produces oxygenation of the 

vegetable 
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tegetabk matter, and by the produd indicates the 
principles of whict^ it has been formed. 

The prozimite principles of vegetables, of 
thofe compounds of their ultimate principles 
which, by mixture or combinatbn, form evety 
kind of vegetable matter, have been reduced to 
the following genera : Mucilage or Gum, Fecula^ 
Saccharine matter, Gluten, Albumen, Fixed 
Oil, Volatile Oil, Camphor, Wax, Refin, Extraa, 
Gautcfaouc, Acids, Tanin, Colouring Matter, Iig« 
ueous Fibre. ^ 



SeSl. L i» — Mucilage, or Gum. 



This is one of the moil abundant proximate prin- 
ciples of vegetable matter, and it feems to be the 
firlt produdl of the changes which the fap fufiers 
from the adion of the veflels. It is found in all 
young plants, in their roots, ftalks taiid leaves, and 
particularly in their feeds ; and it is often prefent 
in fuch large quantity in their veflels as to be dif« 
charged by fpontaneous exudation. It is thus 

obtained 



%btaMLed J0 itB ptttQit ftate, it is inoddiiaiia qxmI 
iofipid, folid tml brktAs^ tieitker fofibk s»r va« 
latile ; nor is; it inflammable, in the ftrift fenfe of 
the tenn* ^ II is fblt^le in water io ev$sy prqi^r-- 
lion, fprmiQg a thick vifcid folutionv and is inib^ 
l]abie> in alkqhol or oil* Tritncated. vn^ dls,. it 
fiifpjBnd*,th^m in water^: .. 

Qprn, is o;cydated fay dif^bent acids. The 

piticic, by iitip^r);ms .to it o^jge^^ cooMttftit iftlo 

a^^c,-**-the psirge0ate4 ^^aunatic, iixta nitnc a«< 

cid. V » - - 

> 

Gum cannot by any^tmmagement be convert* 
ed into f^ccharine matter, or be made to pafs into 
the vinotia fermentation :' by this it is diftin- 
guilhed from fome oth«[;.]>rinciples which it other- 
wife refembles^ The watery folution of it be- 
oomes £&Mt <^ keeping, frcnn its {tfinctples enters 
ing inta hew combinations, atad forming the add 
tenned Pyromuicotts^ 

^coi^ing to the analy!fi» of gum by Mr* 
Crmckfliaiik, it aflfords, when expbfed to heat 
ia clofer veffds, pyromucous acid, fearbdisic acid, 
bydro^carbonate gas, and ammonia ; the refiduum 

being 
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being charcoal containing lime. ' Its coiiOituent 
principles are l^refore oxygen, hydrogen, car^ 
bon, Btotf and linne ; and it feenis^^ be ^om the 
addition of the two latter principles, that feveral 
of the peculiarities in its cfiemical properties a« 



^ 



The purdi gums are, the Gum-Arabic, the 
l^roduce .of the mkfofa^nib^a i ^a^d the Traga* 
icantb, which exudes ftom the astrg^fSus traifif^ 
caniba. ©oms, left pare, jare liltewife qbtained 
Aom the cherr^ and pJiMnb trees of thfe countrjr. 
^hcre Jfeems to fee little foliijdatiqp for the di* 
lHn<aion;wh»hhw b««» spi^d* fee^iiwsw §UJ« ar^ 
jnucilogt. 

:Gam . i$ piiacipaUy ufed in -j^^rgx^y tp rea* 
.4gr oils an$ r^fin miTdbJe with water. In the 
Arts, fe isjim^loy^d pn account pf the adtefi^ 
^jality .^ its. wateiy iotutknt* 
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Sea.IL — — -1 Fecula. 



-^O" 



The term Fecula, or Starch, is appropriated to a 
particular vegetable proximate principle, which 
forms the chief part of the nutritive grains and 
loots.' It is extraded from them by beating or 
kneading them with a large portion of water. 
The foluble matters are diflblved, and the water 
is at the fame time rendered milljr from the dif« 
fufion in it of a white powder, which gradually 
fubfideSf and inay be dried. It can thus be ob- 
tained from wheat, rye, or other feeds, and from 
the roots and items of a number of plants. As 
ifirft obtained, it is frequently grey ; but it may 
be rendered white, by allowing the liquor which 
%as beeu ufed to extract it to become four from 
the fermentation of the faccharine matter it con« 
tains, and keeping this acid liquor over it for fome 

time. 

t 

Fecula is in the form of a light white powder, 
iniipid, inodorous, and fbft to the touch* It is 
perfefUy infoluble in cold water ; but it diflblves 

completely 
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completely in hot water, and forms a gelatinous 
folution. This jelly, when dried, is ftill infoluble 
in cold, and foluble in hot water. By this pro- 

perty, fecula is cleariy diftinguiihed from gum, 
which is foluble in water at every temp erature. 
It is likewife diftinguiihed by being convertible 
into faccharine matter by a peculiar. procefs« It 
is infoluble in alkohol. 

Fecula is diffolved and oxy dated by feveral of 
the acids* By nitric acid it is converted into ox*" 
alic and malic acids. Expofed to heat in dofe 
vefiels, it affords a large quantity of an acid li^ 
quor, with carbonic acid and hydro-carbon, leav-- 
ing a refiduum of charcoal. Heated in con*^ 
tsuGt with the air, it beonnes black, and is con- 
fumed without flame. From thefe analyfes of it, 
fecula appears to be a tehiary compound of car« 
bonit hydrogen, ahd oxygen. 
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SiSl^UL '^ — SuoAR> 



SAccRAJtiK^ matter is very generally iidxtA wHh 
the fecula in the feeds and roots of p^adts ; and it , 
cxifts in ftill larger quantity as one of the pro- 
per or fecreted juices of tile tegetabte. The 
juice of tile fugar cane aflbtds th& greater part 
&, the fugar of commerce, though it is -like«i 
Wife (^taihed in larg^ ^ttantity frolfl ttie fug^T 
xSafiie^ from the beet^ ^arfhip^ and taribul <{^ 
thet roots. The general {)rdcefi for 6bt«nitlg 
fdgar pvit%, is to etprefi the facchariUfe jtiice, and 
iTdd to k k quantity df litne to neutMlife thg <$»l^« 
He Acid yfih^\R\ Which prefects tHe cbltcfgtibli d| 
the fugar. By due eygpdratibtl, it & VSKlBt Xo eOfo 
Crete ; it is purified by boiling it with lime water 
and blood,*?- the lattei: coagiilatiiig and entangling 
many of the iinpurities. The liquor, after the 
neceflary boilings is run into conical molds of 
ds^, which abforbs the fuperfluous moiflure, an4 
t|i^ concrete fugar is dried in a itove. 

I'ecula 
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Fecitk k fikem& convertitde into fogw* Hm 
conftitQtes the proceis df BDQlting* The gnun oub* 
taining the fecula is bruifed, macerated in water, 
dfid expofed ta tbe air at a temperature between 
€^ and 70^^ i^etatkxi cofnnteiK:es9 oxjgei» J9 
al^rbedi caftionic acid difcharged, and the feeuls 
k found to be entirely converted into i^xkaxtsM 

Sugar has a pore fweet tafle, accompai^d \x% 
fiO ftivmir ; its coknr is white ; it i^ folubje in an 
eq^at weight of water at 6o<>, and in a l^fs qnanti^ 
%j tf£ boilmg iirater } its fobition can be cry ftalliz*^ 
ed ; its ciyftals an ptriimatic, hard, and confider. 
My tranfpar^t. It is like wile fblnUe in alkoho^ 
and tlus folutibn affi»rds ciyftals when part of th^ 
ibhrent is evaporated. 

Sm^ ^cpofed to beat is fixan blackenedi and 
%ums 16 a pjA ; and if the heat be ftrong» tU^ 
^Mbuftion is attended with flame. Heated m 
tide veffds, it yiblds a hige quantity c( an 9ci^ 
-an empyreuxnatk dl, carbofaic acid^ and carbonnf^ 
^ liydrogen ; the refiduuih being chaxcoaL Its 
conftitHeiit ^pnnciples, therefore, are hydrogen, 
^rbon* wA o:ftygen, The proportvps of theie, 

according 
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according to Lavoifier, are 8 of the firft, 28 dttke 
iecond, and 64 of the third. 

From the differences in the conipoiition of 
gum, fecula, and fugar, we can trace, though per« 
haps in an imperfe& manner, their fuccefiive for« 
Hiation in the procefs of vegetation. The fap con- 
Ms of vegetable matter, and of feveral falts which 
have lime for their balls : gum, the primary pro- 
dufi: perhaps of the general procefs, is ccmippfed 
of carbon, hydrogen, and oxygen, the common 
conftituents of vegetable matter, with azot and 
lime: by a further elaboration, the two latter 
principles are abftraded, and thus fecula is form« 
ed: and this again, by a change in the proporticms 
df its principles, and - particularly by an addition 
of oxygen, is converted into fugar. . The forma- 
tion of fugar in the vegetable fyfiem takes place 
principally in the parts fecluded from light, as in 
the vdTels of the root and ftem ; and it is remark^ 
ed by feveral chemiils, particularly by Achard, 
that the exclu&on of light greatly fevours its pro- 
duction. Thismay be explained from the fad, 
that the exclufion of light with refped to a grow- 
ing vegetable always produces in it an accumula- 
tion of oxygen, and < of courfe, according to this 

vjew 



view of the fubjed, will &vour the converfion of 
fecula into fugar. An apparently contradiAoiy 
fa£t is likewife related by Achard ; that although 
the exclttfion of light increafes the produdion of 
fugar in the body of the plants expofure to light 
&yours its formation in the fruit^-^a &,& indeed 
fufficiently exemplified in the maturation of fruks. 
This, however, ftill confirms the prefen^ explana- 
tion. In the fruit, the fugar is formed, not from . 
fecula, but from an acid juice ; and this conver- 
fion feems to be effeded^ as we might a priori in- 
fer, by an abra^on of oxygen. 

V 
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When fugar is 'bxy dated, it is converted into 
the oxalic acid. This oxydation is moft eafily 
effetSled, by dillilling from it fix parts of nitric 
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Sugar', difiblved in water, and placed in a pro« 

per: temperature, undergoes a change in its com- 

pofition, and is converted into ardent fpirit. This 

forms the proqefs termed FermcDitation, which is 

' afterwards to be confidered. 

.HoN£Y is another vegetable produd fimilar to 
fugar. It is formed in the flowers of. the plant : 

it 
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It 38 slwufs expofi^ to the ak, mi fr«^ueptly i^ 
'tnry complicated anaogranent3 ; and bM \k^ 
fuppofed defigpfid to xec^ye the poUea jfrom'the 
male parts, as its feoretion diminifhes jor jGGg£» 
whea the fecundation is ^completcd^ ' 



jSfe^.lV. -^ — — Gluten. AiiBums^k* 



Along with the iecida and £icchaniie matter^ 
which cbmpofe the principal part of the nutritive 
..gsains and xoots, otbei: two principles, gluten and 
albumen, exift. > 

Gluten— When the flour of wheat is waihed 
with water, the foluble matter is diQblved, the fe« 
cifla is fufpended, and there remains a yiTcous, fi« 
brouSi and very elaftic ma(s, which, from its firai* 
krity to pn animal principle named Gluten, is 
teraied Vegetable Glutei It is infipid, and of^ 
greyifh colour— *is ii^iolubl&in water, and is dtflbl« 
ved in very fmall quantity only by alkohoL The 
fulpiiuric, muriatic, and acetous acids dtflblve it, 
as do the alkalis, the alkaline folutions being de« 

compofe4 
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C6tap€&6rhy the' acids, and the acid folutioils by 
the alkalis. Nitri6 acid decompofes gluten, aod" 
difengsiges from it' a confidetabte poiliioxl of azotic 
gas^ and^ fdnns its rettiaining elen^nts into 
oxaUc^-iBEeid. 

Gltiteni phttifies whetl expofed tti a moSft ati 
tftofphcre.- When decompofed by heat, it aflSbrds 
a larg« quantity of amnionia with calf bonic acid^ 
and an ' empyteumatic oil. It therefore diffets' 
from thie other regetible priticiples in contaiamg: 
a la^ge pciipoiftiott of aiot. 

AtBifiif iN/^Thls priribipfe, whitdh is likewife 
fimilar to' an animal principle of the' fame' name, 
is combined with ghiten in the niitritJte grain. 
It b diflblTcid by the' wiitir, by whlyb the flour i^' 
_(de6otta^bfHd, and fepafates in light flakes when 
t&b water is heated. It is fbluble in cold water/ 
b\it is coagulated ^by heat, or by the addition of 
alkbhol : it diflolyes in the alkalis ; is liable to pu^ 
trefadion ; and aSbrds ammonia when deconipo-' 
fed by heat* 

Vol. It li The 
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ALBUMEN. 



The mixture of gluten and albumen vnth the 
feeula and fugar, in many of thofe vegetables 
which are ufed as food, render them more nutri- 
tious, as they are already of an animal nature, 
and contain thofe elements of whichi with car- 
bon, hydrogen, and oxygen, animal matter is 
formed. Hence the fuperiority of wheat as an 
article of nouriihment, to any other vegetable 
fttbftanCe, the gluten it contains being in much 
larger proportion than in any other. The pre* 
fence of gluten in wheat likewife renders the 
bread formed of it of a fuperior quality. The 
flour of other grains forms iblid friable paftes ; 
while the flour of wheat, when moiftened; forms 
a mafs more dudile and porous ; owing probably 
to the gluten -combining with the water, and 
forming ah eliiftic pafte, through which the fecula 
is intermixed. The flight degree of fermentation, 
which is neceflaryto make good bread,— ^aifing 
It, as it is termed, or rendering it light and porous, 
—depends on the portion of faccharine matter 
the farina contains. 



Sc&* 
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^ &aV. ^ — — Fixed Oil. 



Two kinds of oil, the Exprefled, or Fixed, and the 
EflentiaU or Volatile, are found in vegetables, whicl) 
have certain comoKm properties, — unduoGty an4 
inflammability : but they like wife pofTefs peculiar 
properties, by which they are diftinguiihed as fe- 
jparate ckcfles, 

♦ • • •■ 

Fixed oils are generally contained in the feeds 
and fruits of thpfe vegetables of which they are 
^ produds, and only at the period of maturity. 
They are extraded by HDkechanical preflure,— 
whence they are named Expreflfed oils,-^or by 
decodlion with water. They are frequently im^i 
pregnated with the mucilaginous or extradive 
matter of the vegetable, whence they acquire co- 
lour, odour, and tafte : but when pure, they are 
infipid and inodorous ; they are lighter than wa- 
ter ; their confiftence is thick and unduous, and 
fome of them are even concrete. Thofe that are 
fluid congeal on expofure to moderate cold^ 



1 
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Exprefled oil is incapable of combixiing witb 
water, andi is equally infoluble in alkohoL 

■ » • » « • 

£xpfe0ed oil cannot be volatilifed by beat un«- 
changed. At temperatures below 600^ of Fah- 
Koheit^ they x^mm fiw4 i W^rly »t that t^m- 
pcrature, they aje converted into vapour ; but t\^ 
oil thus g(mdenied i^ found altered <in it^ ft(^j:* 
ties ; it has Toft its H)ildnefs, and is become more 
limpid and volatile, a portion :of $^t])k» bewg 
likewife depolited. Tranfmitted through an jig« 
nited tube, it is converted into carbonic acid ai^4 
f arbonated hydrogen. 

. £xp£ef&d Qjil, exposed tQ a warm atmofpl^erei 
§r^ually accpxires ^ ibai^ tafte and ^ifiigre^able 
fmeU, and becomes thick. This change, tesmed 
Rancidity, jb awing to abforpdon of oxygen ; ^d 

hence it is ftiU more rapid when the oil ^ exfiiO&4 

to oxygen gas. 

At the temperature of ignition, at which it h 
<x>nverted into vapour, oil bums in atmofpheric 
air J a large quantity of ttght and caloric is extri- 
cated 4>y its combuftion. When the ac(3efs of the 
air to the vapour of the oil is not complete, Jt 

burns 
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bums sdth a black fm^lce ; ftf^:B q^mntity of t:9r«» 
bonaceous mattar, wl^oh ihas efcafied the comfaiif- 
ti&n^ i8'49pofited. Heitce lifae iitilhy of a fienda: 
^^dc^^w^ch 4raws up die ml l)y capiUaiyatts^D- 
dofi, and, . when kkidled, €o»in»rts:itt]nto yapoiur; 
and AQl naiofe of a hollow wick, ijbxoiigfa which an 
intetnal circulation cf air is » ^ftabl^ed; 



The prodnfts of the combuftion of oil are wa- 
terand carbonic acid, loo Parts p rodnce 140 of 
4^ former mt^^ iof tk^ ^er, ^ombi^ing with 

S^i <^ fHy&i^i whenoe Lavoifier 4itferred, that 
0BL eonfifts ^f 79 pi^s of ^^arbon and zi ofhydt^ 

gen. This coitdirfbid, ibowe^ser, was founded on 
|d^ fiippc^dbn, that common (harotoA isthe liiii« 
|de bstfe of cailKinic ^id, and requires only 7ft 
farts 1!^ oxygen 10 fetwate IB. As( It k an (»i^yd 
oontainmg ieven a confid^rable ^oportion <^f oxy^ 
gen, the propottiMt i^ofppi^e carbon in exprefied c^ 
m^ be leis than the ^^bqive, :a|id oxygen mtA 
$ipe|vile he adapted ii>to its coQipafitbn. 



: Ea^eftd ,$il is oxydated by a number eff* 
aci^. Sulphuric acid foon jrecKlers it bfack; 
the osiygen of the acid attradlirig part of the hy- 
jpogen of the oil^ and thus caufing tiie depofition 

of 
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of part of the carbon. Nitric acid in the cold 
thickens thefe oils ; at a high temperature^ its ac* 
tion is more violent : and the oils which have been 
ekpreiled by the af&ftance of heat, fo as to be ren- 
dered empyreumatic, are even inflamed by this 
acid. The muriatic exerts upon them fcarcely 
any adion ; they are thickenedi or even rendered 
concrete, by the oxygenated muriatic. 

Exprefled oil comlanes Miii the alkalis, and 
forms foap. If one part of oil be mixed with half 
its weight of aArong folution of pure potaih or 
ibda, a thick white mafs is formed, which can be 
difiufed in water forming a milky-like mixture. 
If the oil and, the alkaline folution be boiled to- 
gether, a more intimate con^bination is eSei&ed^ 
and a^ folid compound is obtained. The foap thus 
prepared difiers according to the purity of the in« 
gradients. Common foap is made of animal oili 
or fat, with impure potaih. The cleanfing pm- 
perty of this compound depends on the alkali; but 
it is preferable to the pure alkali, becaufe it aSs 
lefs as a folvent on the cloth, and gives it befides 
a fofttneis and fmoothnefs. 



&ap 
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* 

Soap is foluble in water, the folution being 
opaque, from the intennizture of particles of un- 
combined oil It is alfo foluble in alkofaol. It 
is decompofed by all the acids, and by the greater 
number of the earthy and metallic falts. Hence 
fprihg waters often decompofe it, from the quan* 
tity of fulphat of lime they contain. The oil fe« 
parated by thefe decompofitions is foluble in al- 
kohol. Soap, decompofed by heat, affords water, 
empyreumatic oil, and ammonia. 

Ammonia forms with exprefied oil a leis in- 
timate combination than the fixed oils do, as 
heat cannot be employed to favour the combi* 
nation. The addition of a fmall quantity of it is 
employed in pharmacy to fufpend oil in water. 

The combinations of exprefied oil with the 

ft 

earths and metallic oxyds may be obtained, by 
adding their falts to a folution of foap, when a 
double decompofition takes place. Thefe com* 
pounds have a faponaceous quality. 

Exprefied oil, when boiled on fulphur, com« 
bines with it, and forms a compound of an ex- 
tremely f^tid lineU and acrid tafte. It likewife 

diflblves 
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diflfolves pKofphorus. It cortibiiies with fevemi of 
the other vegetable princi|)les, with gUm^ refirt< 
fibc- Triturated with mtteilage, it forms a milky? 
mixture,— 'H mode of fufpendmg oil iri water which 
isifametimes employed in pharmacy; 






SeSl. VL — — VbtATiiE Oiu 



Vo L^T I jL E). or Efleotiat, Oil is contained^ in 
the flowers, fruits, leaves, wood,' or bark,. of ma^ 
nyvegetables^; generally: ia inc^afiderable iquan* 
tity^ the proportion varying^ ho^ever^ according 
to the age or vigour of the plant* The oilfome^ 
times exifts in diftind veficules, and may there- 
&M be obtained by expreffiom^ But the ufual 
method to procure an eflentiai oil, is to fubje£fc 
' the^vegietable> matter containing^ it to diftillatfon. 
along wkh' water. The oil is volatilifed with th^ 
aqueous vapour, and is eafily condenfed : a fm^ 
portion of the oil is retained in folution by the 
water; but the greater part oi itfepierates, and 
may be obtained pure from the difference in theitf 
fptdfic gi)ivity« 

Eflentiai 



filTetltial 6il is odorous, ^pid, krid gfenex^i^y 
pungent. The tafte and fmell of the oils obtSuii«* 
td froni different vegetables aire Very difierent; 

^knd they KkeWife {irodufce diftereiit ^ffeds oti the 

^animd fyfteA: "Th^y ^e gfenerally lighter than 
%at6r j'bttt forfie have a greater fpeciflc gravity. 

' ^ey dte ilfo tifually fltfid; atid retriain fo even at 
^ low teriiperiitiire ; but others congeal even at-a 
very itioderate degree of told, and fonie are natu* 

■rally cottcfcte. 

Effential oil isr foluble ih tfrater in mintcte pttJ- 

. '.' - ■ . . 

^cirtioft : The water iicqairb its tafte aiid flaVdur* 
^his knpTre^natioii is eoiiiRibnly obtained by dJt 
t&lktion ; the dlililled w^ent ^ iihscmiacy being 
thus formed. > 

It is much niore ffllubl<s in alkotioli fcme of 
ihefc oils, however, ate lefs fo than others. By 
diftillatioris of ^Ikohol, from vegetables con- 
taining efiehtial oils, difbilled fpirits ar6 form- 
£flen^I oils ard volatilifed by a Very iriode- 
iatcly incrcafcd temperature. Eaj>ofed to a higher 
iTot.II. Kk heat, 
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heat, near to that of ignition, they fuffer partial 
decompofition. 

Expofed to atmofpjieric air^ they lofe their 
fmell, are thickened, and become concrete ; fre- 

• • • • , • * 

quently depofiting at the fame time cryftals of an 
acid nature. Thefe changes are owing to the ab- 
forption of oxygen. 

4 

When heated in contad with atmofpheric air, 
they are more eafily inflamed than the exprefled 
oils, and they yield more water by their cpmbuf- 
tion. Hence they differ from the fixed cmIs in 
containing a larger proportion of hydrogen, to 
which, probably, their greater volatility and in- 
flammability arc owing. 

The efiential oils are oxydated by the acids. 
Sulphuric acid renders them black ; nitric acid 
inflames them rapidly, efpecially if mixed with 
half its weight of fulphuric acid ; the diluted ni-» 
trie acid oxydates the oil, only fo far as to convert 
it into a matter of a refinous nature ; the oxy« 
genated muriatic acid produces in it a fimilar 
change. 

Eflential 






I t 
I 



Eflential oil combines with difficulty with the 
fixed alkalis : the combiDation can indeed only 
be effeded by lon^ trituration : the compound is 
flightly faponaceous. Liquid ammonia diililled 
with the oil combines with it, but very i^aring- 

Thefe oils diflblve fulphur and phofphbrus. 
They unite ^ith mucilage or fugar ; and by the 

** * "* , 

medium of either, may be fufpended in water. 
They diflblve refin, camphor, and feveral other 
yegetable principles. 



f^f6l.YJI, ^ «. — CAMPKpKf 



This principle exifts in comparatively few vege- 
tables. For ufe, it is extr&ded from the Laurm 
Campbara^ a native of Japan ; the wood of the 
trunk and branches being expofed to a moderate 
heat in clofe yeflels^ by which the camphor is fu* 
biimed. It is at firft impure, but is purified by ^ 
fecond fublimatioH. This fubftance is likewife 

depofitec). 
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4ep(£ted from feyeral efleptial oils wl)eQ they, qrc 
IctngkepL 

Camphor i$ folid and tenacious, of a white co« 
Jour» and fejni-tranfparent ; having a ftrpng fra- 
grant odour, and a very pungent tafte. , It is fo 
yolatile, that it quickly lofes weight when expo- 
fed to th^ ^tipqfpher^ ; and at a very .modierately 
Increafed teiiap^r^ture it fublimes unchanged. It 
is fcarcely'foluble in water, hut is abuocjantiy dif- 
folved by alkohol and the efTenti^ and e^preffed 
oils. 

WJien camphe? is fnix^d with any fubftancq 
which oppofes its volatilifation, as clay, it is de- 
compofed by heat ; " a volatile oil, pungent and 
fragrant, having all the p«)perties of an effential 
oil, diilila oyer j fmall quantities of hy dro-carboow 
^te and f ^h^nic acid |;aies, with camphoric acil 
^re difepgaged ; and there remains a pqrtiop of 
charcoal. From this decprpppfition, it fljay bjej 
|:x)ncluded, that camphor i§ fimilar in its cQjtripQ<* 
fition to eiiential pil, and differs from that prin- 
ciple in cont.?iiping , a J^er propprtipn of car^ 
j)on. 

The 
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7?he acid termed Camphoric, c^tained by thi? 
^qcompofirion, is abforbed by the water placed jn 
the receiver, and^^y evaporation may be made t9 
cryftallize. When pure, it has httle or no odoutj 
its tafte is fligbtly acid, and it reddens the yeget^ 
able colours. It is very volatile. It refembles an-* 
other vegetable acid, the benzoic, but is eafily dif- 
titiguifhed from it by its great folubiUty in cold 
water. The f^ts it^fbrms with the alkalis and 
earths are terme4 Camphorats, ' _ 

Camftbor is highly inflammable* Camphoric 
and carbonic acids arc^ pioduced by itscombuftioiL 
^d cgjfbon is depj>lited. 

It 15 iblixble io the acids* The Sulphuric acid, 
9^d..the muri^tic^ fluoric, and fulphureous acid 
gase$ 4i^^y^ ^% without ch^ngipg it. The nitric 
acid lil^^wi^ diflblve^ it ; and when the folutipn 
j||f)yd^ £ar fqme tjime, an oily-like i^iu^d floats upon 
its fijrfece, whiph is decompp(ed by water, cam?- 
phor being precipitated. If nitric acid be diftilled 
eight or ten times from camphor, the latter is con-. 

verted into caxpphoric acid. 

'I -. • ■' ♦ 

Camphor 
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Camphor does not combine with the alkali;. 
Triturated with magnefia, it is rendered more Tq* 
luble in water^ 



Sca.Vm. r- — Wa;c. 





\ * 

Wax feem$ to have the fame relation to the fix** 
cd, that camphor has to the volatile oils.. Iti^ 
produced on the antherae of flowers, whence it 
18 colleded by the bee ; it is yielded by the fruit 
and leaves, and is fqmetime^ contained in their 
juices. It is very fufible ; by a high heat it is de- 
compofed ; a thick empyreumatic oil, with an aci4 
liquor, being the produds ; the refiduum is char- 
coal. It is mflammable : the produ£ts of its com^ 
bullion are water and carbonic acid ; and from the 
quantities of thefe, Lavoifier calculated that it con, 
fifts of 13 parts of carbon and 2 of hydrogen. 



Sc£i^ 
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SeSi. IX. — ~i Resin. 



This principle is often combined or intermijted witt 
the other vegetable principles, efpecially with gum. 
When obtained pute and unmixed, by exudation 
from certain plants, it is concrete, infoluble in wa- 
ter, but entirely foluble in alkohol, ether, and oils. 
It is fufed at a heat hot exceeding that of boiling 
*water : by a ftrong heat it is decompdfed; ah 
empyreumatic oil, an acid, hydro-carbonate and 
carbonic acid gases, being the produ<^s, chatcoal 
the refiduum. Heated in contadt with atmofphd- 
ric air, it burns ; the produdls of the combuftion 
being carbolic acid and water. The ultimate ele- 
ments of refin, therefore, are carbon, hydrogen, 
and oxygen. It is in the prefence of a larger pro- 
portion of the laft, that it differs from efieditial 
ciH. 

At the common temperature of the atmofphere, 
refin fufiers no alteration ; neither is it altered by* 
moifture. Hence folutions of refins in alkohol or 

in 
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in oils are employed as Tamifties to pteferire dtbef 
fubllances uninjuted. 

The different tiefiafi-have generally tafte and 
flavour; though when piirei as in copal orfan- 
daracb, they ate nearly ihfipid and tiM)S6]fous#— 

^heir effects on the aninial fyftem ate'fometimes 

'■■••• •■•'■. 

confiderable ; 'piid the a^^ivity o^ many VegetaMe 
feraedics depeiiiis oh their refihous part. Xs the 
'different refins' have the fame cHeiaical' p^o|j^rVte, 

r- » . 

It is unneceffary td notice them. 

Iti certain vegetables, there ciifts a natural 

fcombinatiod of refin with effeijtial oil, £3rming a 

thick fluid, odorous and pungent, termed Ballam. 

Xhefe balfems, by diflillation, yield a quantity of 

cflential oil, a refinous matter remaining. They 
,t- • • • '•»"*'*• 

likewife generally contain a portion of the Tege- 

table acid termed benzoic • 

There eiifts in lUariy vegetables a combi* 
liation of gum and refin, fbrmiog a proximate 
, principle termed Gum Refin. It appear* to be, 
jijot a mere mixture, but a more intimate com- 
biriation of thefe principles. The proportions in 
which they are united are various j but in gene* 

ral 



ral they are fnch, that a mixtare of equal parts df 
alkohol and water is capable of diflblving the gum 
Irefin. 



5'^flf.X. — . — ExTRAdT; 



A VEGETABLE fubftahce which, in fevcral of its 

properties, bears a refemblailce to gum refin, has 

• ■• ''•"...■.. . I' 

been diftihguiihed by the narhe of Extrad, or 
Extradiive Matter. Its principal charaAers are, 
that it is equally foluble in water and in alkohol, 
thus differing from refin, gum, and guni refin; 
and that it is ihfoluble in fulphuric ether, tt 
likewife abibrbs oxygen when expofed to the at- 
inofpherej and forms an infipid fubftance no long- 
er foluble in water. At the temperature of boil- 
ing water, this charige proceeds with great rapidi- 
ty ; and it is from this oxydation, that the a6livity 
of niany vegetable remedies is leflened or deftrdy- 
ed by long decodlion with water. By oxygenat- 
ed muriatic acid, fixtraflt is converted into a torl- 
crete {ubftaiice, of a yellow colour, infolubk in 
water. By diftillation, it af&rds an empyreuma- 
VoL.IL lil tic 
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tic acid and oil, and a fmall quantity of ammo* 



nia. 



The extraftive matter is obtained^ by macera-* 
tion in water, from thofe vej^etables in which it 
exifts : by fubfequent evaporation, it forms what 
are termed their Extradts, iRefpe<5:ing the na- 
ture and mode of exiftence of this principle, how- 
ever, there is fome obfcurity ; and it is ftill doubt- 
ful, from various caufes, whether what has been 
termed ExtraAive Matter is a principle of unu 
form compofition and chemical properties, or whe- 
ther it is not rather a mixture or combination of 
fome of the other proximate principles, generally 
of the gummy and refinous parts, with fome faline 
fubftances. 



SeSi.XL — — Elastic Gum- 



The names of Caoutchouc and Elaftic Gum have 
been applied to a particular vegetable produdion, 
the juice of a tree, a native of South America^ and 
which has likewife been obtained from feve'ral 
Eaft. Indian plants. It is obtained from incifions 

made 
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made in the bark-^is at firft thick and milky, and 
becomes concrete oa expofure to the air, from ab- 
forptionf of oxygen. 

The diftinguifhing property of this fubftance 
is its great elafticity : it can be ftretched to a con- 
fiderable extent without breakings and it immedi^ 
ately again contrads. It is foftened, but not dif- 
folved by water : it is hkewife infolub^le in alko^ 
hoi, but is difTolved by the ethers, d^e nx^d and 
o^ential oils, and renSified petroleum. It is not 
afted on by the a,lkalis. Sulphuric and nitric acid 
aher it, by communicating to it oxygen. 

Caoutchouc 1$ (oftened, and lofes its elafticity, 
by heat. Heated in clofe veflels, it affords carbo** 
nic acid, carbonated hydrogen, ammonia, and an 
empyreumatic oil. Its elements are therefore 
$§rbpn, hydrogen, oxygen, and azot. 



Scil. 
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SeU. XII. _ ■— VsGETAStE Acids, 



Theke exift in the juices of many plants, ^)eGiaL 
ly at certain periods of their vegetation^' peculiar 
acids ; and the fame or other acids are likewiCb 
found combined with fome of the proximate ve^ 
gecable principles, or united with alkalis and 
earths, forming what have been termed the Et 
fential Satts of Plants. Of thefe native vegetable 
acids, there are feyen, diftinguiftied from each 
other by certain properties — the Gitric, Malic, 

_ ' * ^ » 

Oxalic, Gallic, Benzoic, Tartarous, and Acetous. 
They have all a compound bafe of carbon and 
hydrogen, and differ from each other principally 
in the proportions of their principles : hence the 
greater number of them are convertible into each 
other. The oxahc feems to be the one moll high- 
ly oxygenated, and into which the others may be 
changed. 



CITRIC 
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CITRIC ACID. 

Citric Acid is found in the lemon, the tatna^ 
rind, and many other four fhiiCs ; and is obtained 
by expreffion : the mucilaginous tnatt^r is precipir 
tated by ^kohol, which is afterwards evaporated ;^ 
or the citric acid is faturated with lime, and the 
qitrat cf time is decompofed by adding half its 
weight of fulpburic acid, diluted with fix parts of 
water. The pu^ ^cid can be obtained id a cryf- 
talline form ; the cryftals are very foluble in wa- 
ter, and poflefs tl^e general acid properties. It 
combines with the alkalis and earths^ and its at« 
trai^oq^ are ftronger to the latter than to the fore- 
men 

Citric acid and any of its falts are decompo- 
fed by heat ; the produds being carbonated hy- 
drogen, carbonic acid, and an empyreumatic acid, 
with a refiduum of charcoal. It is convertible, 
Uot into oxalic, but partly into carbonic^ partly 
into acetic acid, by further oxygenation. 



MALIC 
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MAILIC ACID. 

This acid abounds in the juice of unripe fruits, 
particularly in apples, whence its n^nie^ It is ob* 
tained pui^^by triturating the juke with litneY and 
decomposing the compound by ftilpharic acid« 
To whatever length the evaporation of the iolu* 
tidn of th^ mahc acid may be carried, it does not 
cryftaUize« With the alkahs it siSot^^ deliquefceni; 
falts ; with lime, one that is cryftallizable, it is 
decompofed by fa^at ; and as it gives more car- 
bonic acid than the citric, it has been concluded, 
that it contains a larger quantity of oxygen. It 
is changed into oxalic acid by the adion of nitri; 
acid. 



OXALIC ACID. 



This acid exifts in the different fpecies of forrel, 
and in feyeral other vegetables. The expreffed juice, 
by (landing fufficiently lo/ig, or by being boiled 
with the white of an egg, is freed from its impurities, 
and depofites cryflals, which are the acidulous ox- 
alat of potafli. Their tafte is four ; and they re- 
quire 
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quire a confiderable quantity of water for their fo- 
lution. The pure acid is obtained by faturating 
the excefs of acid by ammonia, and adding to this 
triple fait nitrat of barytes ; oxalat of barytes is 
formed, which is decompofed by fulphuric acid. 

This'acid is likewife obtained by the oxygena- 
tion of fugar ; eight parts of nitric acid being diftil- 
led from one of white fugar, and the diftillation be- 
ing continued till the remaining fluid is of the cqn- 
fiftencc of a fyrup. This depofites cryftals of ox- 
alic acid on cooling. The change in this cafe is 
owing to the fugar being deprived of part of its 
carbon, and receiving an additional proportion of 
oxygen. 

Oxalic acid has a very acid tafte ; is foluble in 
two parts of cold, and in an equal part of boiling 
water. Expoffd to heat, it is refolved into an 
acid liquor, carbonic acid,^ and carbonated hydro- 
gen. It contains^more oxygen than the other ve- 
getable acids. 

Oxalic acid combines with the alkalis and 
earths ; its attraftions being ftrongcr to the latter 
than to the former. It is particularly diftinguilh- 

ed 
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^d by. its ftrong attradion tolimei which is fupeiicHr 
to that of any other acid. 



f ARTAROUS acid; 

This acid, as it exins in vegetables, is combin- 
ed with potafh, forming the acidul6us tartarite 
of potaih. This fait, jknown to cbemifts by the 
names of Tartar^ Purified Tartar, is contained in 
* the tamarind, the vine> and other vegetables ; and 
is depofited during the flow fermentation of wiiie 
in caiks. It is purified by foiution, filtration^ 

■ V 

and repeated cryftallization : it has a fourtafte; 
and requires for its foiution 60 of cold, and 30 
parts of boiling water. Expofed to heat it is de- 
compofed ; and its potafh, united with a portion 
of carbonic acid, remains, forming the fub-carbon- 
ate of potafti, which has been ufually obtained 
from this decompofition^ 

The excefs of tartarous acid in this fait is eafi- 
iy faturated by the addition of an alkali* If pot- 
afh be added, the neutral tartarite of potafh is ob- 
tained,— a fait which has a bitter tafie, is deKquef- 
cent, and very foluble in water. If foda be uf- 

cd 
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TEGXTABLE ACID$« Cl6$ 

ed to neutralife this exceis, a triple fait is formed^ 
known by the name of Rochelie fait, aild employ* 
ed in medicine as a pkafimt laxatire. 



The acidnloos tartarite of potafli, from the ex-* 
cefs of aeid which it contains, is capable of diflblv« 
ii^ a portion of feveral of the metallic oxyds. i£ 
l)oiIed with oxyd of antimony, the excef$ of tar- 
tttous acid combines with the oxyd, and a triple 
compound of potaih, ammonial oxyd, and tartar* 
OBs acid, is obtained by cryftalIizatlon^ 



The tartarous acid may be obtained from th^ 
^cidolotts tartarite by fulphuric acid ; but the de«. 
compofition is not complete. ^ A preferable pro^ 
cefs is to add to a folution pf acidulous tartarite of 
|)otafli in water, a quantity of lime fufficient to 
combine with the tartarous acid, and afterwards to 
decompofe the tartarite of lime by fulphuric acid^ 

The fdution of the tartarous acid affords ta« 
bular cryftals by evaporation, which are pcrma« 
neiit in th? air, aad ealily foluble in water. This 
9eid, by expofure to a high temperature, affi)rds 
carbonated hydrogen and carbonic acidf an acid 

Vpjl. U, Mm fimiiwr 
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fmilar to th6 atetoos, and an cmp^^teumatio oiJt, 
cbarcoal reroainiog. It feems to differ froi^ tlMft 
f(cetous principally in containing leis oitygen. 



Tins acid cdinbintis with the alkaSiid and^^aiths, 
It^ MttaAioM being ftronger to the latter tHffn te. 
the fdra^. It has ^ ftrong tendency to combine 
with potHfli <Hilj in ft limited qiiaiBtity » ib chit the 
ficid ihall esift in ^e comfK>uad in exce&f <ap4 
jienoe' poM(fa is a teft to difcover this acid^ this adr 
dulous-falt, which ifi of fparing i^biUty in.W9lte|| 
being formed4 



.B1N291C 4c;[p, 

^ , "yj^s |cjd,e:i:ifts ip ^he b^lfains ; is^ Jargieft i^fuan, 
,Jitjr, in,the concrete b^Ifajn termed Benzpi^, trom 
whw?b.it naay b^. e:s:traded |)y the application of ^ 
very moderate heat. The acid is volatilifed, and 
cpn.d^|ij5es ^ ftendef^ white* brilliant cryftals : or 
the benzoin powdered may bg Jt^oilpd with liflje i 
g folution of benzoat of lime is obtained. Jf to this, 
when cold* muriatic acid is added, the benzpic is 
precipitated ; and by folution in boiling water, it 
. :(nay be cryflallized. This acid alfo exifls in fe^e- 



#tt»ETAB(S. Att^K. 
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j^ jiistiaial mtktters^ efpccially in the uriae cff ^graof^ 
BiTorotis aminals^ . ,« : ?. > 



Add 'of bettioih h€ls flightlf poDge&t tafte 
ii}d'fiagiUft^ibd^r.> It ipt|iprimg^.fokhlejiin^c^ 
iPQPtabttiiiiMtlir^a %oc^^^^ ,,thc^;kt6fi? Mutkim 
wyAaUBiAt GA coaling. ^^ It is&iubk in .idUi^hfll j 
iiircA^tiH&d'by a:«iodeMi6 heat i 9iid^biif0$ wliot 
Alti^}r lici«ed tiioolittid with the am It 19 fii^ 
hihte in falphoric nod ^m tcids Urithdut decom^ 

lb imraAioas bting 0xoBgeft to IJoneu 
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ACETOUS ACIDi 



4lnd pdtsSti, 4il tbe lap df^ttie vin«, and^ a imtti> 
Ufer #ott^ iHsgetafaies. It «, howe^^, more pe. 
-cdlljHly tfae ^cddUce ^ fbrmentetibn, itiid liHH bes 
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GALLIC AGIO. 

Thh ackt exifti in «U thbfe v^jtftaUes tenntd 
Jkfiringeots. It is ufiiaOy obtained fims gaUs» ei» 
ther by macerating them in ^i^aCer, ^nd allowing 
the tnfttfion to ftand expoCsd to €ie air #vr fagof 
months, during whicfa^iudl ctj^ftds adhere «o the 
^es and bettom* of UmT veflel, coofifling of ^iie 
gaOic acid ; or it may be obtaineii b^r^edpefiog 
the powdered galls to a moderate heat, mhtn the 
acid fablimes^and condeniies, pattlp in fiasall ^i^alte 
cryitak, and partly m a fluid fonp) fiomoombiQa* 
tion with a portion of water. 

'lliis acid has a four tafte ; reddeua the vege- 
table colours; is foluble in 24 parrs of oold, 'a^ 
in 5 parts of boiling water. Expoled ta heat^ it 
is volatHifed; and padially decomp^^ ; and Iqr 
a ftrong heat» quickly applied to it,^ its decNinpt^ 
tion is complete ; an empyreumatic oil, carbcmaU 
ed hydrogen and carbonic acid being produced. 
It is converted into oxalic acid by the adbn of 
the nitric acid» 



The 



The property by which this acid is peculiarly 
diftinguiihed is that ^pf producing a deep black 
colour with the falts of iron, when the metal in 
tbefe^is io S( «^i;tu9 .^te of oxjd^^jh. ^0^ *^<^ 
Jbttr».for «»mpfc,.ip iro4«8!^'^» ^^^.^^.f^ 

Jjm :paftii<^rth« qzygeikoC the paetal]}9.^y4v|* 
aatn£U4 hy « '!XHFti«i».'of ^Ifej hy4t](^n pf $)^ 
«dd^ ^iill><{mt ,of Its (pr)K9. CQjKkbipe»,^t^ ^t^ 
impe^fea oxy4 o£ iroft; jffld f^? 'dup.Hpipii ijf 

<UiQk |m(^pitl^4 This^^ccys^ 

srith gallic Mid is. ti]eba%.^,iak» and (4i)M^ 

dye«. " . . 1 
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This acid >lik€wi^cfr^iRitf|t^« the other xnetals 
from th$ir< foliitioQs, of varipiis colouia^ . j^ upites 
with.th^ fdJcsMsand earths^ aiid.thefe>(^;$ fliU jr^- 
ittun^he property of chaqgiflg 0e colour of the 






Bi^jUdes thefe acids which exift in vegetables, 
there are fome of an analogous nature, whi^h are 
formed during certaio decpmpofttions of vegetabk 

matter,— 



itad Py to^taitatoosv "Ae Subene, ^axA Siicciak. > 
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' Thd tbr^ firft of tliefe nrfaifch foft ohtbmedi'^ 
tte litft ftotothd deeompofiiiM bgr beat tf gmti* 
mjr-tM^&e^haiiiie iBHtter^ tte lecoad fiomtt fimi^ 
iiuf dtoeoihppfittoB' of wood^ and the ditil fkost 
ttiat of Aridtifetts CBihanle ef potaft, 4^haT6 beeA 
^^&rHed to l>e tile ftme acid, tbe 'teatie^ di%«i& 
nd odfy by tfae flsbdfwpe of empf^oiiitafitia «ik . 

The StrlitRK: acid is obtaioed by diftiTliiigtiihie 
Udd frtnh cork ; the teSBdnutn is ^Kfx^ed to a mo^ 
derate heat, till pungent fuffocating Vapouts a*- 
rife : to this twice its Weight of water is added* 
tad heat apfdkd : and the folution^f f«iheric acid 
«Htt6 tbtained,1$ fep^t^d by filtratSbn «^ea to34 
Thk- ad^ mftybe »btaih«sd by ^porati^ft^ M & 
t^d'feVm ! k te voMffifed by he&^} k Toliibfe'iik 
waf ef ; has an acid bitterifh tafte ; itiX combiltea 
with the alkalis and earths, and fever^ of the me- 
tallic oxyds. 

1ti%h^!yu& f d^«Ait^, tiifibe)r, to a iUbdfeiittf li^ict^ ^ 
en^^y^tfHnatic oil, with an acid liquor^ diftil over, 

and 






the neck of tht Tet(H?t. TbU: is ^tk^ (uqcUiv: 
acid. It m^y be purified by a kcmd fotb^flM^ 
tie^^ jQD bF fduticm in hoi, fWBieri ^ndb ^r^ftaJJii^fh 

4^coldt Md iatid of boiling iiraier* ibe Jatter lolvh 
jnD oTT^Uisdng-en pa&li»g< Itsc^yiiWltr^iefM- 
jnanent «ii tbi^^r^ ond atft rahtilifed by Jnegiit. it 
eMI#m€5P^^ alkali^ wid e^vths, a^dfoom 
Succinate di&in^iiihed by ^peculiar properties^ ^ 
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Tbjs fubftapqe (?xifts in the yegetable aftringeptj, 
and W^s. till lately confounded with the gallic 
i|cid»^with which it is intipi^tely mixed or com- 
jbined: their properties, however, are difibrient, 
and they can be obtained diftinft, 

When any vegetable aftringent, oak bark for 
exainpkt w macerated in hot water, the infufion 
contains the tanin and a portion of gallic acid. 
If a frelh quantity of water is added, the acid 23 

obtained 



obtained with fcareelf any mixture of tanin ; and 
by a thiitl intufioRt it may be jKocured In ftill^ 
greater purity. Tl^e tauin may alfo be (eparatc^dv 
from it by diemkal mfans. If ^ iblution of aqy; 
animal glue be added to the Wj^t^ry i«fu6on froioi 
a vegetable aiinngei^t, the glo^i^ <u:rg€;l?t^i com?* 
bines with the t^iuitiand forms, ^ A^^an^e.al^ 
gether infoluble. Tii^ gallic, aflidj4iff<dyf4L<»i 
crater can therefore be obtained pure by Bip^ 

To obtain the t^^in pure^ a di^rent prpce£|... 
muft be employed^ To the infufion af,the:aftrinf«i 
gent fubftanc^^ a.fol^tion of muriat of ;ui '^ addf* • 
td'^ ^ infoluble coipipaucid of tanin with 0qLy4: 
of tin i^ formed : tbis> after being: wa0i94« i9diff», 
fu£ed. in water, and a current of fiil^uEi^^ h^r^ 
drogeQ i3 psiT^ tbrqugb the . liquor :; thi^ 0i|»it: 
bin^$ mtb tb^ oxy4 j9f tm» and the lai^ft » h^k 
diflblved* 

This folution is of a brown colours it. ba^ a 
bitter ftyptic mfte* By eyaporatioo, it m^ be 
obtained in a folid mafs, .which is flill foljoble in 
water. It combines with the acids, forming info- 
luble compounds. 

Though 
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■ Thdugh tanin tias iiafS&a'prip4:^it'|6ifefe!i; 
es £he diftitt'guiifFHBg q«i1hy'of^l'ne^§alltc"*ffci8,-i«* 
that of: forming a datkicoMiifed precipftat^^witli'^ 
the red fulph^t of ■'ironr^niElis''pi^^q)lla^i2 eteii* 
moSe'denfe than" that Bi^fti^^^^ tfiife gallic'kciaf 
heuee the' colovft which iwn ffodufcds'iri'flite infii-' 
fioti- ^Df la viitge^dbk aftringbit 1$ dieeper iMh ihst' 
produced wkh the pure ackJ; * . * 

On the property which this principle has dt"^ 
combining with anintal gektin, is founded the ^rt 
of tannings ^' When the ftin of' an' ammaJ,^ freed 
from the hair, is imnierfed in an inftrfJon 6f bat^ 
burk, the tanih gradually t:6mb}hes' with the'gda-i 
tin of the fldn ; and the infoluble compound, bi^^ 
ing diffufed through its fubftahce, renders it denfe^ 
and thick," aad, whtn dri*d, left perSfeaibl^ td^ 
moifture* The gallte acid^'feems to'faeilitate tiiie* 
proccfe, by-fliglMly" de^oxy^fing the Ikifi, iatld' 
bringing it more near to the ftate of gelatih. 



«^t.v 



Tanin may be*appUed"to' important medical 
purpofes, as a teft in difco^^ering the-morbid cic- ' 
ct& of ^fatirt^ift^ny of the fecretioris*' - '-' - ^ 

/< ^ •■ !■ '4 ^f . • i- . -'► ^ ... ,.! ." . . ^« , . - 
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ifeS. XIV. •- Colouring Matter. 



Modern Chetnifts have generally fuppofed, 
that the colouring matter of vegetables refides 
in a particular proximate principle, different 
from any other. The juftnals of. this orpinion 
feems, however, to be doubtful, ccJour being a 
'property belonging in general to fome of their 
known principles. But there: are, fome general 
fads on this fubjed which require to be no- 
^iced.' , 

In different vegetables, this matter, has differ* 
^^t. chemical properties. It is extracted from 
fome by water ; from others, by alkohol or oil. 
Its brightnefs may be heightened by various ftib- 
fiances ; and others are capable of attracting it 
from its fblvents, of combining with it, and of fer- 
ving as a medium of conneftbn betW(^en it and 
other matter. On thefe principles are founded 
the arts of dyeing and of pigment-making. 

The 
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The art of dyeing conjifts in fixing certain co- 
lours upon cloth oiJ its materials. This i^.e^d^i 
folely in confequenqe of the ajttraaion of the mair 
ter to be dyed to the colouring matter. Hence, 
when plunged into a folution of this, cploucitig 
matter, it attrads and fixes it, and df qqurft ac^^ 
quires its colour. Wool jyid filk, which are of a?, 
nimal origin, attrad colouring matter in geaej^i 
more ftrbngly, and are of courfe dyed? with more 
facility, than cotton or linen, which are vegetable 
productions. 

In many cafes, the fubftance to be dyed has 
too weak an attradion to the colouring mat- 
ter to form a pcrrnanent dye. In fuch cafes, a 
third* fubftance muft be ufed as the bond, of -unioa 
between them. Sueh fubftances are termed Mor- 
^nts, of which argillaceous earth," cc«ain metal- 
Ec oxyds, efpecially thofe of tin, iron, copper, an^ 
arfenic, gallic acid, and tanin, are the principal. 
The cloth is imnierfed in folutions of thefe, fub- 
ftances, fo as to be impregnated with them, and 
is then immerfed in the dye ; or the mordant is 
foroetimes mixed with the infufion of the colour- 
ing matter ptevious to =^e immerfton of the doth, 

Brfiaucntly mordants are ufeid, »ot O0I7 to difpofe 
^ . the 
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^7^ -COLOURING MATTER. 

the ftuffto attradl tht colouring matter and fix it» 
but likewifc to heighten the colour itfelf, or give 
it more brilliancy or durability. 

The formation of vegetable pigments, or lakes, 
depends on the fame principle. Some fubftance, 
capable of combining with the colouring mat-s 
ter, is added to its folution, and the compound, 
which i$- generally of very fparing, folubility, ig 
dried. • . i 
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Se^,'KV. . ^— -r I|lGN|;OUS FlB^E. 



This is the bafe to which the other prox^^ate 
principles are attached, the Ikeleton of the plants 
and the principal part of many of its produdls. . It 
is inflpid and inodorous, and completely infoluble 
in water, or in alkohoK The alkalis do>nota£l 
upon it. By the acids it is decompofed. Ni^ 
trie acid converts it into oxalic and malic a- 
cids. Expofed to a high temperature, it affords 
empyreumatic, acetous, or pyro - ligneous . acid, 
hydro-carbon, and carbonic acid, and .leaves a 
large refiduum of charcoal. It is from this ;4©-> 
compofition of wood, that charcoal is. gbt^ned, 

Seei. 
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S^^. XVt. — — . Aroma, lie. 






Besides the principles ;that have been enume-^ 
rated as entering into the compofition of vegeti- 
able matter, others- have been ftated of a more 
ftibtle kind, — as the Aroma, or Spiritus Rec-* 
tor, the Narcotic Pri^hciple, the Bitter Prin- 
ciple, &€• 

Of thefe, the one whofe exiftence as a diftinft 
principle feems moft probable, is the aroma, of 
principle on which the. odour of vegetables de- 
pend^. Although the flavour of plants generally 
refides in their eflential oil,' it has been obferved, 
that feveral of the moft odoriferous vegetables af: 
ford no eflential oil ; or if they do yield a fmall 
quantity, it is not very highly fragrant. At the 
feme time thefc flowers diffufe their flavour thro' 
the air, lofe it by a gentle heat, and communicate 
it to 'the water. It has, therefore been con- 
eluded, that they contain a principle more fubtle 
and volatile than eflfential oil, on which their 

odour 
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odour depends; and that the fragrance of the 
eiiential oil depends on the prefence of this 
principle. 

There are, however, evident objedions to this 
opinion. The faculty of exciting the fenfation of 
odour, is a quality which may belong to any kind 
of matter, and which does belong to many fub- 
ftances, as ammonia, camphor, and feveral of the 
metals, in which we cannot fappde the exiftence 
o[ any aroma. It is a mere hy pothefis to admit of 
its exiftence in any cafe ; and the fads that have 
been dated in its fupport may be eafily explained 
on tfae.fuppofition that the diftinguilhing odour of 
vegetables is reQdent in fome of. their proximate 
principles, generally in their effential oil; and that 
this, is moise or lefs volatile, is capable of combin- 
ing with atmofpheric air, or is foluble in water or 
other fluids. 

The exiftence. of other principles of this kind is 
ftill more doubtful ; bitternefs, the narcotic qua- 
lity, and others, not being dependent on diftindl 
principles, but on peculiarities of compofition in 
the known parts. 

CHAP. 
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CHAR in. 



O^ THE CHANGES WHICH VEGETABLE 
MATTER SUFFERS. 



Se£l. 1. — Fermentation ti its Products. 



Aachen vegetable matter is pkiced'in a certaia 
temperature and degree of humidity, it3;principle$ 
begin to re-adk on each other; they fpontaneoufly 
enter into new combination$,and form peculiar pro- 
duAs. It is this procefs which is termed Fermen* 
tationi of which three kinds are. noticed, the vin-* 
ous, acetous, and putrefa&ive, charaderifed prin- 
cipally from the nature of their produds. 



s. 



VINOUS 
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VINOUS FERMENTATION, 

It has been proved that faccharine matter only 
is fufceptible of the vinous fermentation. Fecula 
likewife undergoes it, but only by previoufly pafs- 
ing into the ftate of fugar. This conflitutes the 
procefs of malting, in which, by the due aipplica- 
tion of heat and moifture, germination is excited 
in the grain, oxygen is abforbed, and carbonic 
acid evolved, and the fecula of the grain is con-^ 
verted into fugar. ' 



When faccharine matter diffdlvfed in Water, 
or when any fweet vd^etable juice, is expofed to 
a temperature betwecri' 60^ and &0^ oJF Fahren- 
heit, it becomes more tsi. lefs turbid, and bubbles 
of air are difett^ged^' the fweetnef^ difappears, 
and a pungerit tatte is acquired. Aftfer a certain 
.time, this change is completed; the diferigage* 
ment of air ceafes, and the fluid, depofiting a fe* 
diment, becomes tranfparent. The change* of 
properties is found to be owing to the converfion 
of the faccharine matter into, a new coihpouhd, 
pungent, odorous, volatile, and inflammable,— 
which can be feparated from the liquor by diflil- 

lation : 
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ktion^ k is the Alkohol of the modern nomen*. 
clature. The gfitieraLpi:oce& is much facilitated 
by the previous addition to the liquor of a fer- 
5ient ;, that is, of a portion of the matter depofit^- 
ed frofti a jli<iaor. which has. already fermented. 

...JLawyoi&er.afGertained by experiment the the*- 
ory^pf th^ propefs« He fousd that it can be car*, 
ripd; oil. without, the acceis of atmofpheric air, that 
the w^tejr of. the fermenting .fluid is not decom- 
pofed, and. that the facoharine matter, only is 
changed. This matter confifts of carbon and 
hydrogen, 'with a large proportion of oxygen. 
During the ferm^tatlon, a Jarge quantity of car* 
hpt^ acid is.formed and diiengaged. The whole 
procels, ; there^re, is. nothing but new combina- 
tions of the principles of the fugar; the greater 
part "tS^Jts oxygen and carbon combine, and form 
carbqnie acid, and its hydrogei). combines with its 
remaining carbon apd hydrogen, forming the al- 
kohol, whicli is th^. only Qther produft of the fer- 
mentation. 






, By this prpcejrs,,the different fermented liquors, 

thofe from the juic^ of the: grape and of other 

Vox^ II. . ' ^ .0.0 ... , fruits, 



fruits, and from the diffisrent kinds oF grain am 
formed. Tlje latter require previoufly to be fub- 
je£ted to the proccfe of malting, to convert their 
fecula into fugar. Thefe Uquors vary in their 
qualities according to the matter from which th^y 
have been prepared, the perfedion of the fer- 
mentation, and the manner in which it has been 
condu&ed ; but they agree in certain propert^s, 
-—in a greater or lefs degree of pungency, and in 
their Stimulating and intozfcating effed on the 
animal fyilem. 

From thefe fermented tiquort, a fluid is obtain- 
ed by diftillation, highly pungent and ftimulating^ 
volatile, and inflammable. This is termed Ardent^ 
Spirit, and diffess in its flavour and fome other 
qualities^ accordii^; to the kind of fermented li^ 
quor from which it has been obtained .^Theft 
fpirits confifl: of alkohol, more or lefs dSuted with 
water, and mixed with fome oily matter, which 
gives them their peculiar tafte and flavour. 

* < « 

To obtain alkohol from any of thefe fpiritous 
fluids, it may be fubjeded to repeated diftillations, 
by which the water and oily matter are ab- 
flcaded. This may be facilitated, however, by 

certain 
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cectaia additions. After the fpirlt has. been once 
diftilled, the produA is mixed with dried carbon- 
a.t of potafh, and Aibjeded to another diililbtioQ 
by the heat of a water bath. The fptirit thus oh- 
tained is nearly free, from watfer. To remove 
from it a difagte^bk:od6ut; whith it acquires 
from the alkali, one-twentteth of its Weight rf . 
powdered* alum is added^ and it is again diftilled 
from the water bath- It ftiU contains a miiiute 
portion of^ Water, fropi which it cBn only be fr^ed 
l)y repeated ^ftiUatioo. 

f 

The fluid thus obtained is pure alkohoL Its 
llrength and pUrit'y are moft accurately eitimated 
byitsfpecifrc gravity. Common ajkohol has % 
fpecific gravity to that of water $s 815 to iooq ; 
by very cardful redification with a large qu^nuty • 
cif potafh, ii has been brought to the fpecific .gra« 
vity of 791. The fpecific gravity is ufually de- 
termined by .means of the hydrometer. Otiber 
rnean^ have been ufed to afcert^n the (Irength of 
alkohol ; as, the firkig of gunpowder by its burn* 
ing, or the quantity of water left after its 
V^mbitition : but thefe are liable to numerous 
aijid. important fources of error, 
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ALKOHOI. 



Pure alkohol is colourfcfs and trmfpsivent) its 
odour is fragrant j its tafte pungent,' It is very 
volatile, it evaporates at the medium temperature, 
and boils under the atmofpheric preffure at'i65<'/ 
It is alfe) highly inflammable, though no great 
quantity of ealorio is extricated during its com^r 
buftion. The products are water and carbonic 
acid; 18 ourices of \^ater being obtained from 
the burning of 16 ounces of alkohol.' By paffing 
it through an ignited earthen- tube, it is converted 
into water, carbonic acid, carbonated hydrogen-, 
and a fmall portion of carbon. 

From the produfts of its combuftion, Lavoifier 
endeavoured to eftimate the proportions of its. 
principles; and he concluded that 100 parts of 
it are compofed of 28.5 of carbon, 7.8 of hydro- 
gen, and 63.5 of water. This water he fuppofed 
to be.eflentiai to its compofition. : . but. his experi- 
ments do not warrant this conciufion; nor is it 
certain but that it may rather contain the dc-: 
ments of this Water than the water itfe|f; afld. 
that, of courfe, inftekd of being a compound, of 
carbon and hydrogen combined with water, it 
may be a triple compound of carbon, bytirogen,. 
and oxygen. 

Alkohol 
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Atkohol combines with water in evciry propor^- 
tion. The fpecific gravity of the combinatioa 

4 

of the two is never the mean of the f|)ecific gra- 
Vities-of the.refpeiftive fluids, but is always great- 
er. . This combination is accompanied with a di« 
minution in the capacity fojr caloric ; and hence a 
rife of temperature always accompanies it. The 
combination of alkohol with an equal weight of 
watert forms Proof fpirit. . . :. . 

* * • 

» - - ..>.,. . - .. . . • t5 

Alkohol diiTolves the alkalis and many of. the 
neutral ialts, efpecially thofe which, have ammo^: 
nia, lime, or magnefia for their bafe, and which 
contain riitric 6t muriatic acid. Other falts it preci- : 
pic^tes from watery by exerting a ftronger ajtttac-. 
tion to that fluid. ^ rj 

Alkohol unites with fulphur, when the ' fwo 
are prefefited to eachothei^ in the ftate of vapour.' 
It diflblves phofphorus fparingly : this folution is 
dccompoled by water. . . ,. 

y Alkohol is a folvent of feveral of the vegetable 
proximate^principles, as eflential oil, camphor, re- 
fin, &c.: hence it is able to extraftthe aftive 
matter of maoy \yegetables. When diluted with.an 
. .. , equal 
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equal part of water fo as to form pf oof fpiril, its foU 
i^nt power is ftUl oiore extenlive* Both the pure 
and diluted fpirit are much ufed in pharmacy to 
diflblve the principles on which the virtues of 
many remedies depend. Such folutions are term* 
ed Tindlures, or Elixirs. 



The adi<Mi of acids upon ^ohol is pe<;ttlbi^ 
and important. The alkohol is deccOEtipofed, and 
a new compound is formed. This differs fome* 
what in its properties, According to the acid ufed 
in its^ preparation. The different Itinds, howeverj 
iagrei in' 6he pbffeffion of cert^n properties : they 
ai^ highly v;dlatiie, odorous, pungent, and: luf^sm^ 
mable,^' mifdble with water, an(| capable of coiigt^ 
binin^ with alkohol. They lare ten^ddrj^thers. ' 

To prepare Sulphurie Ether, any gufrntity ks/I 
fulpburic acid i^ poured upon an equal weight (4. 
alkohol in a retort ; and after they die !iuxe4 by 
gradual agitation, heat is applied by a iand bjgith^ 
the retort being conneded with a range of receiv- 
ers kept cool by water. The liquor boils at the 
temperature of 208^ and a ^olourlefs fluid con^ 
lienfes in the receivers. When the diftilled liquor 
ampunts to about half the quantity of all^ohol eni* 

ployed 



■» 
ployed, or wtti^n the n«ck of the retort becomcEi 

obfcured with white fumes, the diftillation is to Be 
flopped ; a thick black fluid remaining in the «- 
tort. The difblled liquor, which is the ether im- 
pure, from the admixturi of water and fulphure- 
ous acid, is to be mixed with a fmall quantity of 
potafli, or with black oxy d of manganefe, and fub- 

je£ted to diftillation by a very gentle heat. It is 

* 

thus oblauned nearly perfe&ly pure. 

The theory of the formatidn of ether is far 
from being accurately afcertaine^. Accordmg to 
the explanation which, till lately, was generally 
received, in the formation of fulphuric ether, the 
alkohot is decompofed by part of its hydrogen at- 
tradting part of the oxygen of the fulphuric acid : 
the balance ci attractions exifting between the 
prmciples of the alkohol being thus broken, a 
large quantity of carbon is precipitated, and the 
remaining elements .of the alkohol combine, and 
form the ether. 

But it has been affirmed by fourcroy and Vau- 
qoelin, that, during the formation of ether, none 
of the fulphuric acid is decompofed. They fup- 
pofe, therefore, that the acid promotes the decom- 

pofitioit 
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pofitioQ of the alkohol, merely by a diffiofiog- 
affinity ; it caufes part of the hydrogen and oxy- 
gen of the alkohol to combine^ and fonn water— r 
a larjge portion of carbon is precipitated*^ and the 
ether is formed from the combination pf the re-- 
maining quantities of the confUtuent. principles of 
the alkohoL 

This latter explanation is perhaps fcarcely fuf- 
ficiently eftabliftied. The fads which thcfe che-r 
mifts fiate, as proving that the fulphuric acid i$ 
not decpmpofed, are, that no fulphureous acid gad. 
is produced ; and that the liquor iiemaiiiing af^ 
the procefs is able to faturatc as much of an alkali 
as the quantity of acid employed cQuld do in its 
pure ftate.. Sulphui:eous acid may, however, be 
produced in fmall quantity, and not be apparent 
from combining with the alkohol ^or the ether :— 
and with regard to the, experiment refpeding thn 
quantity of alkali faturated by the liquor, it is one 
not only extremely difficult to make,virith .perfoA 
accuracy, but is liable to a fallacy which invalid- 
ates the conclufion. During the formation of e- 
ther, oxalic and acetous acids are always formed ; 
and.thefe exifting in the refidual liquor, mull 
contribute to the faturation of .the alkaj^, -A %*: 

' * which 



iMcki appears to ptov^j that this acid; cSiitributas 
to the formation of ether in ibxne other way than 
by ft difpofing aflSnity^ is, that ether cannot be 
form^^ from thofe acids which do not part with 
Qxygeli eafily« r^ from the munatic, for example ; 
while fropi thofe which do to, as the nitAc or oxy- 
. gesa^ mudatic, it \b fdrmed with facility i 



* "^ \ * 



*** Wh^tiever bpinion, however, may be formed ^ 
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it the i^ode in which the^ changes that occvur m 
iti' prbcefe of liiaking ethei' aire e^eded, the na^ 
tufe oT thi^' changes theipfelves feems ;rufS9iendy 
aicertainea*"*Tf is proved," that part of |the hydro^ . 
gen pf the "alkohol is Ipent in the formation ot'v^a* 
tir ; a ^ih larg^i* portion of carbon is deigfited ; 
the temaming etements therefocc combine to form 
the ether* This compound Teems to differ from 
fitkohol prineipaHy in containing a l^ger propor- 
tion fp$ hydrogen, to Vjrhioh its greater levity and 
Volatility may be oiwing* It has accordingly been 
affirmed) that more water, and lef» carbonic acid* 
ire produced. firom, its combuflipn^ than from the 
oomhaftionof alkohoL 

Tawardb tbi? ^nd of the procefs by whick ful- 

jphuric ether is formed, an oUy matter diftils over, 

V^L. IL ]?p termed 
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termed Sw^et Oil of Wine, which fome have con-* 
(ider^d as a compound of ether $nd fulphureous 
acid ; and others,, as a compouod .aq^logous to 
ether, apd differing from it in containing a lar^r 
propo]$ion of carboja. . There is alfp difcharged». 
in .this ftage of the pracefs^ a g^ of <^ pQiculi^ 
Icind, a icompound of carbon and h74rogeix^ r^^ 
if the . application of the heat be continued,^ ful- 
phureous acid gas is fuddenly difengaged, the li- 
quor fwells, and i$ aptto.b^il over into the receiver. 

With othet acids, alkohol forms ethers differkjg 
in fome refpeds from^fulphuric ether. 

..-■•. 

The preparation pf Nitric ether is extremefy 
difficult, on account jof the violent aSion of the 
acid on the alkphol, when they are mixed to- 
gether in the due proportion. It may bje formed 
by adding cautioufly, and in fmall quantities at^ 
time, nitric acid to an equaj weight of alkohol, ia a 
retort conrieded with the bottles of Woqlfe's ap- 
paratus : the nitric ether partly diftils, over, and 
partly remains in the retort on the furface of the 
remaining acid liquor. It may be poured off, and 
redified by diftillation with a very gentle heat. 



For 
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For mediciaal ufe, the procefs ufually emplpy- 
ed to obtain this ether is, to add one part of nitric 
acid to tliree of alkohol ; allow thiem to digefl and 
diftil with ^ gentle heat ; the produft, the Dulci- 
fied Spirit of Nitre, as k is termed, is nitric ether, 
combineil with a quantity of ajkohol, and gene- 
rally with a portion of uncombined acid, .from 
which it may be freed by a fecond diftiUation, 
with the addition of a fmall quantity of alkali. 

The theory of the formation of nitric ether is 
not lefs obfcure than that of the produdion of ful- 
phuric ether. . It has been afcertained by the ex- 
periments of Bayen, that the ^cid b either dir 
compofed, or combined in fuch a manner that it 
is not difcoverable by ati alkali; as the mixture 
of the acid and alkohol, ^fter being' digefted for 
forae time, he found, required oqly the ninth part 
of the (jfuantity of pbtafti for its faturatidn,, which 
the qukfltity Off acid employed would have done. 
'The alkohol is alfb parfiaBy de6omp6fed, as oxalic 
and acetous acids are formed. No carbon, howe- 
ver, is precipitated in a fenfible form. It may 
be faid, perhaps, that in this procefs, part of the 
carbon, hydrogen, and oxygen of the alkoho) «»• 
tetinto new combinations, forming the acetous 

an4 
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and oiuilic acida ; aod thsd the xemamingciaaiiti,- 
ties of thefe elements combine with part of the 
acid to form the nitric ether. 

Muriatic acid does not a£b upon glkohol : bu^ 
the oxyg(}nated mumtic acid forins wit)i k ao,* 

r 

ether. The mode of i]ire{>aring ir, is ^o expof^ to 
l^eat, in ^ i^tort, two pans of dried muriat of iodst. 
with, one psrtof bkcl: o^ydof manganefe; tkrec^ 
parts of alkohol, an4 one pf fulphuric acid.— Ace- 
tic and phofphoric ethers can likewife be obtain^ 
ed by diftiiUngthe acids with alkohol, with tho 
addition of oxyd of manganefe, to furnifh o^jTi^^ 
gen. 
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Thefe ethers^ pofleis nearly the fame propertiea^ 
being extremely light, volatile^ fragrant, and in- 
flammable. . Sulphuriq ether, when completely 
redlified^ has a fpecific gravity equal only to 7.16.: 
It evaporates at the common temperature of the 
atmofphere ; it boils in vacuo pnder the commoti 
atmofpheric preflure.' Nitric ether, it has been. 
alleged, is ftill more light-and volatile.— Thefe and 
the other ethers are,foluble in water in certain pro- 
p<>rtionSy and entirely foluble in alkohol j they aQ;- 



9S MvetiU on iftany of the ?i^egetabte firbsiffiate 
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Whctt alkohol or ether k pafied thrdtigh an 
ilftiited eatthefo tutid, 6r ai!i ignited glafs tube ton- 
talthng filiceous or ttrgillafceotis earthy a pefeuKar 
gi^ is obtained. It is alfo difengagedf yKfhen tbree 
p4itd 6f {blplmiic add are poured upon one of 
alkohol, and a moderate heat is applied. Thisf 
gas is very little lighter than atmofpheric air, the 
fpeeific gravity of the one bdng to that of the 
other a^ 995 to 1060. Its fmell is foetid : k is nor 
abforbed by water : I(indled in atmofpHeric air, it 
bums with a denfe oily- like flame, affording car- 
bonic acid and water. Wbeii an equal part of 
oi^ygetiated fauriatic acid ga^ is added to it, a 
mutual decompbfition' takes place, there is a dimi- 
nution of volume, and a matter is depqfited ha^idng 
the properties of an exprefled oil. From ^is re- 
markable property, this gas has been named the 
defiant Inflammable Gas. When pafled through 
an iputed porcelain tube, carbonic acid and hy- 
drogen gases are difengaged, carbon being depo- 
fited- It is therefore a triple compound of car- 
bon, hydrogen, and oxygen, the proportion of 
jcarbon being large. 

If 
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J£ alkohol or ether be pafTed through an ignite 
cd-glafs tube, gafes fomewhat different from th^ 
former, and even from each other, are obtained. 
They are not fo heavy as the olefiant g^s, and are 
not aded on in a Umilar manner by oxygenated 
muriatic acid. They probably contain lefs car-^ 
bon. The gas thus obtained from fulphtrric etBcir 
has a fpecific gravity to ^^tmdfpheric' gir zi j6^ j 

that &om* al|cohol, 4^^. 

• ■ u ■ ■ • 

' When equal parts of nitric acid and ^alkohol 
aire mixed together, and heat is appEed, a gas fe 
difengaged, which is ilowly abforbed by water, 
explodes when mixed with oxygeq and kmdled, 
and is decompofed by fulpburic, nitric, and mmi^ 
atic acids, which difengage frqm it nitrous gas. 
It IS termed Nitrous Etherial Qas, And is probably 
a combinatiou of nitrous «gas and nitric ether, 



ACETOUS. FERMENTATION, 

After the vinous fermentation is completed, if 
the liquor be expofed to a temperature between 
75^ and 85^ of Fahrenheit, it lofes its fragrance 

i ■ ■ 

and pungency, and becomes four. This change is 

termed 
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t^tmed the Acetous Ferm^atatiofi : tlie ptodudls 
Vinegar, or Ac€tou$ ac^d* r 

;. The^sxefe^of the -atojofphetic air is nec^flBirjie 
tQf thj& ipiscjie$ of fiermentationiS its .o3g^eo is ab* 
|b?i|€^\^ai?j^ Or^uo ^carbonic aoid iar^vblvcdi 

The- progiifs^^ ntberefore, feems to be little more 
than the oxygenation of the aikohc^j aiid ii «i 
found, that the ftrength of the vinegar is propor- 
tioned, to the quantity ©f jJkohol, or of maitter 
fapable of being conv/eruedintQ alkohoi^ that tiie 

liqu^ contained. • v 

•» . . • • , • • ■»..,. i . . 

/ Though fermented liquors^ and facchariae mat* 
ter are beft fitted to undergo the acetous fermeti-' 
tatbn, yet other fubftafi€^5t fttfferra firnilar change, 
fuch as fccula, mucilage, ananal gelatin, and railk^ 
The foumefs, however, which fome of thefe ac- 
quire, is iiot owing to the formation of acetous 
acid; and pArhaps no principle is fufceptibie of 
the acetous fermentation, but faccharine matter, 

or fecula, which is convertible into fugar. 

,■-•'-»■■ • 

Vinegar, fuUy ferifiented, is clear and nearly 
Kmpid ; has a pleafant pungent fmell, and a four 
tafte J it poffcffes all the properties of an acid.— 

This 
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This ficfti h UxmsSi^^.:A4^tom*' ^ J^:i^^i knb 
^diluted wil^wateri.smd'«»se4.9^^ 
and txtradive matter^ znd istqueMlf with aeidtu 
hm.isBttMfk^£)(:pfitaik. 'It i6> il{ua%:^^^oa 

is very weak, as4 bus ^waji^ moire or M^^fflRk 
empj^reumatip Q^our, ftpm ti^ burning of tbe 
ipucilaginous nmtt^ bjt/tbe be^t ajiplmi^ lOxm;- 

^PlU^ted ^^tousjaei^ |8^t»iA# }i$:S«tmilaBfi| 
$b9 di£|[ili^4; jvin^^ur wilb pQta{h<^or isjdt, aJtodi^iSf 
compofi&g the falt^ hf adding t()j^]BU£ its. wei^' 
of {ulphuric acid. The acetot» acid id iepatattd^ 
god .majir. t^e .qbt^ed by ^^W^^tm^* : ^:^'< ^ 

IVli^ the Tiaegas i^ f^t^^^ 
0X^74, 'the aci4 olmiP^d bf> deo^i»&iiaaof\:tib 
CG^i^oiilfKi byMbeatj' h'di^ent iq its proj^xtih^ 
ffpcn.^ the cQacei^trc^ acetous ^isidl^ Itife mob 
Inorepimgefit, t^aiiic'aiid Volat^ pbu a>ftroBgfsE 
^ttfa^lon' ta #at^r;v and tex^ujtsna fltoiigcar oifticn 
mi the me?ta}s, oxydatii^^ aixdx< diflididiig thcan.idi 
Tbefe differences, it has been proved^ are bwin^ 
ta the latter agid containing lefs carbon ; the me< 
taUlc'^jd^ thfefnlti&pmiAKhich it ikco^ 
awtiittogpart of itsv.c^rbw* 'itJis dfaaHy pri)C3iir 
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A0RT0t7» ACIDS. ^gj 

ttd by^^^ftittation in dkife Teffi!i8 from acetite of 
copper^ :or*ifieidegns ; and, tx> : diftingaifli k fbom 
the acetous acid^ is named A^Qtie Acidy orri Radi^ 
cal Vinegar. Bodi are ternary compounds of 
cavhon^ fa^rogen, and ogjrgen; coioitaiBmg more 
pxy gendhKa Jttie greater number of tbe vegetable 
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< ^The dombtnations of /the acetic acid witb the 
^fcalisv earth; dnd metals, have fcarcely been ex* 
amined; thofe witjirtfae aoetousare betteit^kriown; 
The AcETiTB of PbTASH, obtained by fatnrating 
poka&.with diftilkd vinegar^is inthe forin of a 
white foliated mafe, e^remdy deliqucjfcent^ fo- 
luble in little more than its weight of water at 
thetempenituxe of 60^, and likewiie ibluhl^ in 
aft:obd«^ The'AcETiTE </ Sox^A.can beri obtain? 
edinflender prifmatic cryftals^ whic^, inAead of 
ef&orefcing, delique&e on ^expofure to the . air. — 
The AcEiiTi: (f . Ammonia can fc^rcejy ; be 
cryftallifted, as at is partly Yolatilifed with tbe.wa* 
ter wfato its foliktsoxi is evaporated, and. is partly^ 
decoihpofed^ ^. n ..* 

Of the earthy acetites^ the only one appj^qd to 

ufe b that of argil. It is p^pared by mixing 

rVoL. H. Q^q folutions 
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£dbtion8 of acetite of lead and folphat of arg^ to- 
gether The liqaor tbOsobtained is ufed as aospr- 
dant m dyeing and cloth-printing* 

Of the metallic acetites» it is necefiary to no- 
tice thofe only of copper, lead, and mercury.*— 
The AcETiTE of Copper is nfed as a pigment, 
under the name of Verdigris. It is prepared hy 
^tifying copper plates with the faiUks and.fialks 
of grapes m a ilate of feimentatbn; ^id^nynfien* 
ing them with four wine or vinegar : a greeit onA 
is formed, which is o:^d,of cop^t partly comlibi^ 
ed with acetous acid. It is comptetdy.&tucated 
with the acid by diflEblving it in diflilled vid^g^; 
the folutbn affording, by evaporation, regular 
cryftals, of a rich green, colour; T%e Agxtit^ oJ 
Lead is prepared by digefting ceaflfe^ ot wtute 
oxyd of lead, with vinegar : a fait is obtained, by 
evaporation, in fmall needle-like cryftals, known 
in commerpe by the name of Sugar of Le^d«— The 
AcET]^TE of Mercury, is obtained by adding a 
iblutipn of acetite of potafh to a folution of nitrat 
of mercury: it cryftallizes in flender brilliant 
icales. It has been,» employed in medicine as a 
snld preparation of this metal. 



From 
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From acetic acid, ati dther is fonned by di- 
gefting equal parts of the acid vikh alkohol^ and 
diftilliiig the mixture. The ^odud is fiagcant, 
and higjAj vplafile ah4 ftijSammable. 



A fpecies q£ fermentation) analogous to the vi^ 
nous or acetous^ is that which t^kes place in the 
making of Bread* A fmall quantity of yeafi is 
mixed with the flour of which the bread is to be 
Jbaked : a degree of fen^^o:^^n« is excited ^ and 
the maft '^ jseud^red light and poroua from the 
^difengageoient 4^ nun^erou^ ^ lyubbles. It very 
fpeedily runs intQ the acetqus fermentation, but is 
t:hecke4 by imipediately baking the bread : it i^ 
the caufe of its^ fponginefs^ posofity. and cpnfe- 
^uent lightnefs. 



pUtlllf ACTIVS FX1?L MENTATION. 

This term i§ applied to that profcefi by wbicU 
vegetable matter is ultimately refqlved into pro-? 
dudls which efcape in the gafeous form, and le4ve 
. only tl^c portipn of ialine and earthy matter 
which the vegetable contained. Thus, if any 
vegetable matter, diffolved or fufpended i^ wftter, 
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be expofed to the air for fome tifli^,^iter(iirfa« 
Womes covered with a mould ; c^r^nicacia is 
extricated, probably with carbonated-hydrogen ; 
and at length little ren?ains but theiDould^wbieb 
is likewife gradually decompofed in afimilar maa. 
ner. In many vegetable fubftances, this decom- 
pofitipn is accompanied with an ^volutipn of am- 
monia : they are then more peculiarly faid to pu- 
trefy, as the procefs is analogous to tl^e putrefac- 
tion of animal matter. 



SeS, IK rr- ^ Of BituMENs, 
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Among the decpmpofitiQ^s whieh vegetable m^h. 
ter fuffers, may probably be ranked that. by* 
whicb bitumens ^re formed. Thefe are inflftm-^ 
mable.ful^apces, generally of a ftrQUg feii?ll, fluid, 
foft, or folid, and affording, by diflillation* an em-, 
pyreumatic oil They are found exuding frpiBr 
crevices, floating on waters, or forming flxatain.the^ 
earth. They confift of the fame principles^ 
vegetable matter, of carbon, hydrogeq, andi)^jf** , 
gen; :and tliere are ofteiv mixed with 4bem riOf^-. 
mains of vegetable matter. It is, therrforie, fy^,- 

ficiently 
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ficiently/prdbablfe, is has been fuppofed, that they 
loriginat^ from the flow <Jecompofition which ve- 
getable fubftanc6s faiFer when buried in the earth, 
modified, perhajjis,: in fbrne cafes, by the adion of 
beat, without the acccfe of air. The principal 
&foftances of this kind ' are I^aptha, Petroleum, 
Afphalttim, Amb *; Coal, and Mejilite. 

Naptha is a white or yellowifh fluid,* of a 
penetrating fmell, volatile, and highly inflam- 
mable ; haying a fpecific gravity from 708 to 847. 
It is infoluble in alkohol. It diflblves oils, refins, 
and elafl:ic-gum. PETRXu-EUM-is a fimiliar fub- 
ftance, but of a thick confiftence, brown or black 
colour, lefs agreeable odour, lefs volatility, and in- 
flaiH«mable;-; Bydifliillatidn k ad^^ a fluid ftnti- 
lar to Mp^tea^ - Asmalttjm feems' to be tte fame 
kind of rtiatter, altered by expofure to the aff : it 
is folid and brittle ; of a brdwn or black dolour ; 
iswithoiit transparency, but wltha luftr^ equal 
to ia^. or 3. : ite fradure is corichoidal. It melts 
by he^t, and, when air is iadmitted, inflames. De- 
compdfibd by heat, it aflfords an empyreumatic oil, 
carbonated hydrogen, and carbonic acid. Thcfe 
three varieties agree iri leaving no earthy refiduum 
when buriiti 

Coal 
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CoAL differs from the preceding fiibftances in 
containing earthy and carbonaceous matter, the 
different proportions of which give rife to its dif- 
ferent varieties. It bums with flame and fmoke, 
and leaves a reiiduum of aihes. Expofed to beat 
in clofe veffels, it affords an empyreumadc oil, 
carbonated hydrogen, carbonic acid, ammonia, 
^nd fometimes fulphureous acid. The refiduuiu 
1$ carbonaceous matter ; ^nd when burnt to white- 
nefs, its aihes are chiefly argillaceous earth, wit^ 
oxyd of iron* Coal h found in extenfive ftrata, 
gnd often contains the remains of^. Qr jinprdEoro 
pf orgaqic ikbftancesr ... ^ 

Jet is a fubftancc of a nature intermediate be- 
tween coal and afpfaaltum. Its colour is pure 
black ; tranfparency o. ; luftre froisd 3. to 4, ; 
faardnefs 6. or 7. ; fradlure ftriated. It burns WXtl} 
a greenifh flame, and leaves little afl^es. 

Amber is a bituminous concrete, of a yellow 
colour, and more or lefs tranfparency ; luftre 3.«, ; 
hardnefs 5.6.; fra£ture conchoid^L It foftens 
and melts by heat, and bums with a greyiih 
flatne, leaving a coaly refiduum. When it is ex- 
pofed to heat in clofe veffels, carbonic acid and 

carbonated 
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carbonated hydrogen are difengaged, with an em* 
py reumatic oil : a fait likewife fublimes, the Tuc- 
cinic aicid, vfrhich has been dready noticed/ 



• • ■\t 



Melilite, or Honey-ftone, is a peculiar fub- 
ftance, 'which maybe ranked with the bitumens. 
It has a light yellow colour, from which its name 
has been derived; is generally cryftallized ; tranC 
parency 4. ; luftre 2.3. It is found in ftrata of 
bituminous wood. When expofed to heat, it be- 
comes white, and bums, but without itame, unlefs 
at a white heat. It is not foluble in alkohol or 
oils. It confifts of argil, with a j)ecuriar"acid, ve- 
ry analogous to the oxalic. 









• ' I 



\ 



* i 



- ^ f y 1 4 ^ 



, » 



• 1 



) . 



• ^/ 



' * 


» t t • 


ANIMAL 


-. . . . ^ , 


* 


'• (/ 


• 


% • « 


: ..- -■• 




: . '■' ,• ,1 . 


. . . . . T , ,' . : 



[ 304 ] 



I I 



ANIMAL SUBSTANCES. 



CHAP. I. 



FORMATION OF ANIMAL SUBSTANCES- 



xjLnimal, like vegetable fubftances^ are formed 
from a few iimple principles ; the differences in 
their properties arifing from diflferences in the 
proportions and modes in which thefe are united. 
They are liable to decompofition from flight cau« 
fes from their principles reading on each other, 
and entering into new combinations. 

Animal fubftances are more liable than vege* 
table matter to that fpecies of fpontaneous decom- 
pofition termed Putrefaftion : and when expofed 
to heat, befides the ufual produds which vege- 
tables yield by the fame operation, they invaria- 
bly furnifh a large quantity of ammonia, and ge- 
nerally 



^^^m^^m^ 
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t«iQ$^i}:pn and |>bpj^ork faltis., . . 



The difiference$ l^etvireoik th^ adimd and vei^« 

»*''-# ■■4*.*.' *i* 

table produ&s arife from differences in their com* 
pofittod.' : 1^ fi^rino:^ along with carbon^ hydro-' 
^iEi^^^^}f^t^^ asDSJsm azoty^^i^inec^jr 

phof^hortu, and dot iinfrequentl^ fi^diar. The 
pi3ef^nce gf tlkfe farxpttpies; upaiticularly of the 
9ZOt:dnd.ph9i{ihoras^ by dmdmg the attiafitipos 
W^*^S^i?>etw^«^ -the Q^bon^ hy4rpgeq,; aiyl^ 

tl^e pd)K^|es *]>Todt|C€f; the:^^iindniei, the prnlBi^, 
add^jin^-the (rther Jfiil^a^^ tb*|r4^api- 

fid&ioB itff<^^. ■ 



. Andttec j^fiftgral^ifeK eompofifion be- 

t^aeo anim^ ^d vegetatie f4bitaoces.i3, that the 
formef Gonjaia kfs carbea- and rnipre hydrc^n 

• * V 

<han therlatteh Carbon appeals rto be the bafq of 
vegetable, njafiet to which ox^yg^o andiiy4rogen . ' 
are ajAaohed. Uyd^ogen 15, Rerh^P^, t|je prind- 
Vol. II, Rr pal 
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pal component part of animal in^tter, .combme.d( 
withazot, carbon, oxygen, and phofphoTUs. lage* 
neral, the animal fabftanjccs cootein lefs oiygm 
than the vegetable ; and hence they aflford lefs acid 
when decompofed* 



<>^ ^<a U 



I 



As all animds'livc.direjaiyifir mdire6liy;upoii 
vegetables, the aiiimal piodufls muft becder^sred 
from changcisyeffeftcdomV^getable matter. :Thefe 
changes nare* efifeded in the aniniaf fyftem by :thc 
funiaions of Jf>igeflioil, Refpiratiiffl, ;and ^ScotSh 
turn., , . r J-.- • -r ■ ' ' •• ' -' ' ."- 






- In thfe proccfe of Digeftiogn,: tfe Stod, aQ^tpCr 
ing mafticdt^edv'is .^xpofed in the ftprnjaph to a tem- 
perature confid^.rably fuperioj: to that of the fur- 
rounding: atm.dfphere j it is mixec^ with the gaftric 
juice ; and in many animals is fubjeitcd to pref- 
fure or trituration, from the forcible contr^dtions 
of the ftomach- It is thus convertf d intoafoft 
mufs of a grey ifh colour, in wjiic.b the texture. or 
nature of the food, cannot be. diftinguifhed.. In 
the produdion of thefe changes, the -gaftric juice, 
by its folvent power, appears to be the principal 
agent, affifted, no. doubt, by the hefat and moif- 
ture, and in granivorous animals by the contraction 

of 
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of .the ftomach. The alimeatary matter does not 
feem to be refolvedintoitsultimate.ekments,fQas 
thefe might be. again brought into n^w cbmbinii- 
tions. The foluble parts are. rather only fepatati 
ed from the ipfoluble, are brought into a ftate of 
intimate mixture with each other, and; are partial- 
ly animalifed by the addition oi the faltva and 
gaftric juice, by which probably its further affimi'* 
lation is facilitated. 

The Chyme, as this pulpy mafe is termed, paffes 
into the inteftihal canal, where it is mixed with 
the pancreatic juice and bile ; and is flill expofed 
to the fame temperature and alternating preffure. 
The thiiuier parts of it are abforbed by the flen- 
der tubes terminating on the internal furface of 
the inteftines, termed the Ladeals. It then forms 
the chyle, a fluid of a white colour, and mild to 
the tafte. This pofiing through the glands of the 
mefentery, is conveyed by the thoracic dufl: into 

the blood. 

» 

We know little of the nature of the feries of 
changes which conftitute chylification. In the 
inteftines, it is probable, that, the already partially 
aflimilated aliment is combined with fome of the 

principles 
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principles of the bile', and of the other t&teftixial 
fluids. In pajQSng through the tpefenteric glands, 
it probably fuSers farther changes, of the precife 
nature of which, ^wever, we are ignorant : but 
by the general procefs it is evident, that it is affi« 
rhilated to the nature of animal matter, as it po& 
fcfles the property of albumen, of being coagulat- 
ed by heat. 

The chyle mixed with the lymph conveyed by 
the abibrbcnts, quickly difappears, after ^ being 

m 

received into the blood. The blood, paffing to 
the heart, is conveyed tS the lungs, where it cir- 
culates over a very extenfive furface prefented to 
the atmof];^enc air, with the intervention of a very 
thin xnemlirane, which does not prevent their 
mutual adion. The blood lofes a quantity of car- 
bon, which- is attra€led from it by the oxygen of 
the air ; part of it being probably derived from 
the imperfedll/ affimilated chyle. At the fame 
time a portion of oxygen, and, as late experiments 
appear to prove, another of azot, are abforbed. 

The procefs of fanguification is probably ftill 
n6t completed. The bipod, during its circulation 
in the extreine veffels, is converted from the arte- 
rial 



ifM «© t^ vcijp^s ftate } attd thou^ this is «!«»* 
tui&.e^ with the different fpecies erf fecwtiort, yet 
it ia fJr!£)l)8bl« alfo, that in tbefe veffels the proc«& 
of aiamalis^tion is completed. Tbere remaio^ai 
the refult of it a redundance of carbon ; and the 
venow blood is ag^in brought ba<;^ tatbe h^rt, 
and conveyed to the lungs, where this excefs «f 
carbon is difchgrged* 

The blood thus formed is g heterpgcncous mafe* 

compof^. of feyerai prc»imate' principles. Tb^ 

folids of the body feem chiefly to derive their ,doi>- 

riflimejit from it by direftly artrading thefe pm^ 

ciples. There is another procefe, however, that 

of fearetion, by which new prpduSs are likewife 

formed ; the blood being conveyed,, in the courfe 

of the circulation, to organs termed Glands, in 

> which its compofition is entirely .changed. 

r 

This procefe is evidently chem^ical, aj^ thepro- 
dufts of it are totally diflferent from any pre-exift- 
ing in the mafe of blood- If we enquire into the 
nature of the chemical anions that are exericd» or 
of the powers by which.new combinations are rf-? 
• fefted, we find the fubjeft involved in the utmeft 
pbfcwrity . In the ftrufliure of the «la»d«» we per^ 

' ceive 
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ceivc nothing but a feries of minute convoluted 
veflels, through which the blood circulates ; and 
we are unable to difcover how the adion of thefe 
veflels operates in the formation of new produds- 

Some pl/yfiolo^s have cut Ihort this difficul- 
ty, by faying, that fecretion is the effed of the 
vital power of the fecreting organ, — ^not aware, 
perhaps, that this is only fubftituting a term for 
an explanation, that it is merely acknowledging 
an occult caufe. Digeftion was for a time afcrib- 
ed by thofe who were diflatisfied with the hypo- 
thefes of fermentation or of mechanical trituration, 
to vital aBion ; and the production of animal heat 
was referred to the fame caufe. We now know, 
that thefe are the effefts of procefles ftridly che- 
mical ; and we have every reafon to regard fecrc'* 
tion in a fimilar point of view. 

It might be fuppofed, as one mode of Iplving 
thefe difficulties on chemical principles, that the 
matter of which the gland itfelf confifts exerts an 
attraction to one or other of the principles of the 
blood, by which the order of attractions being 
broken, new produdls may be formed. But the 
obvious objedion to this opinion is, that the glan- 

dular 
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dulair .matter totaft undergo ^a.proportim^ ^nge,^ 
-ra change .utterly tecompatibl^lwitbtiie*cJfl5(fcrit 
is defigned to perform, or ,eyea with; its exifteojc^ 
as.an,organired part..:.: -» l.-^" » • .-i 

Pferbaps the caufc produflive of the new. com^ 
Ijinations ari&ng from, fecretion is t|ie fimjile aptir' 
proximation of the elements of die blood, tbyits. 
circulation through the very minute veflels which 
coQftitut^ the glacrtfe.; . In compounds ct)nfiftlng . 
of, feyeral principiksj the attraftiohs exifiidgrbfif. 
tw^e^jtlipm aareinQ doubt modified by (the diftwftfc 
ces.at whicKthfiy aqe .placed ; anditf ^eirrdatiV!^. 
fituations be altered by any mechanical caiife, .oy 
by the expanfive power of caloric, the exifting at- 
tBacSionsafill be chtog6i, . and new combinations 
will take place. - The blood in- its circulation isr 
pto^lled,^ by aw a Urgo^ thrdugte canals of ex* 
trieme minuteliefs ; its particles are thus approx^ 
imated, and may ofcourfe- Unite : in difiereftt 
modes. It is perhaps impoffibtejBo- point out thA^ 
precife combinations which mull arife from fuch 
acaufe*; but it is conceivable, that froiifi its oper- 
ation' new prodii(3s may be formed, and that thfe 
bloodi- by pafling through vdflels of diSerent dia^* 
meters, alternately contraiSing and enlarging, may 

undergo 
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UDdergD mmy ftroceffive decdtnpofitioflfi^ and a& 
fold aU tiie vairkt]^ of produ^ vrtAch aiife fr6in 
^xxetktu Tbe formatidti c^ tbeft mzy |^ ^ 
further diverfified by the ftrudure (tf* the feer ettog- 
organ, by which part of the blood partially chan-» 
geek or eiren pact of ^tfae new produds that iiave 
been formed, may be witfadffsuvn^ and returai^d 
into the drctilatkig nuds.^ '- 



Ftbm hestdoa; a variety of :prt)^€fe are 
fimnedy^as bile, milk, ntStie, £it, the ^tter bf 
bdne^ ^nd' dt^ri Thefe complete the ferhjatbft 
<tf sotmal matter, and ccfmprehead its fe^^^etal 






t « 



SiBce die di&i^iiit kiiids; cf animal matter ^xe 
ultimately formed by the protefles of digeiliba 
aM refpiratio0, it become$ an 9i^& of. ifi(|i|ji7« 
wjhecher from the princi{d^s known to be convey- 
ed by thefe pro^eflTes, the.fomxation of tfae& |ffO^ 
dtfds qan *e ea^kined. 

With r^fpeft %o (^aibtm^ hydrogen, and axy« 
geD, which Gonilitute fo large a propoatipn of aiii* 
nud matter, it is evident there can be no difficult 

ty>- 
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ijr, ^ tiiey ictiil kiabunclance in veg^tablc^ xnattof^^ 
and of eourfe are qjiitaiiffid in :tlie fosod; 

fieilk, ^ it i^ cootaio^ vCilily <)A,^^€oofid6r^ble 

pi^opprtioD iin. regietaiUe liuitter* iin ^ious 

J&atce nv^ence it imigbt he scjceived iofiQ jt^e ^* 

,l6m<i8 i2e%imtiod« Bnfridlley^ in ms^Sigi^titie 

•iiigpfi£ed tbaft>iiart of the xu^at vras abfoii>6d ;:iM9d 
iui(incDrifidfi£abfe aBfdrption of itrfeetnod iiterofc 
ito^be jjmved.by -the.jaKperimems of Br. Ooodw^ro* 
Thofe di LavGofifirand La Place appear td i^fta*^ 
blifh the oppofite fa£t» that the azot of the at< 
43AQCphere reiAfiios, unobaQgedT by refpiration. Mn 
.4E)avy, iioweve^ J^sibtQly fiwtojdithte coiifunjpition 

^f thi$.j)nnaiple to becoifidembie* notfefetfean 
^v3/cubic inches. in !the;mmute : aiid if ihis.expe- 
jriioeats be coafinsiod, ^fourosLb pointed cmt 
jvriience all tHe aaot co&iainfid in tfat animal fj^f^^ 
item, toay be.dedved. It is . hkesrife^poflSble^^ ths^t 
•a20t jpnayibe.a compound fabftaQce^ .forined l^ 
-feme combination of carbon, hydrogen* proxy- 
gen ; or that, if fimple, it may be a conippneiit 
principle of one or other of thefe fubftances : and 
VouIL Sf either 
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either of thefe fuj^xvfitions wilt account for its eit^ 
iftence in the aoimai piodo&s. 

Fbofphonis is another fubftance exifting in 
much leis quantity in vegetable than in animal 
matter. Its origin is equally obfcine. It has 
been fuppofed to be a ptoduft of the proceis of 
animalifktion ; which appears not improbabie» 
from the large quantity of phofphoric ac^ in vir 
moft all the animal piwiuds. A confiderable pro* 
portion of it, however/ is, alfo contained in thofe 
proximate principles of vegetables which are 
chiefly fubfervient to animal nouiiihment. 

r 

With refpect to lime and iron, thfe two princi- 
pal remaining fubilances which enter into the 
.cbmpolition of animal matter ; as they are Con- 
tained, in greater or lefs quantity, in ahnoft eveiy 
kind of vegetable matter, their origin in aniiasd 
fubilances feems lefs ambiguous. The facts that 
have been ftated as unfavourable to the opinion 
that they are conveyed by the food, are either in* 
conclufive or founded on very vag^ue and inaccu- 
rate experiments. 

CHAP. 
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SeSl.l. — . — — Blood, 



Th £ Blood is the fluid whence all the animal 
products are formed. It varies in its qualities 
in the different tribes of animals : in infet^, and 
in fome others^ it is pellucid, or white ; in the 
more perfed animals it is red, becomes florid 
on expofute to atmofpheric air or oxygen, and 
is darkened by the noxious gales. Its confiftence 
is thickifli, its tafte fweetifli and fatuous, and it 
has a perceptible odour. 

Though blood citculating in the body appears 
to be a homogeneous fluid, the microfcope difco- 
vers it to be a heterogeneous mixture of particles 
apparently globular, fwimming in a fluid. On 

* being 
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being taken from the body, and allowed to remgii^ 
at reft for fome time, it feparates into a fluid, of a 
jellowiih colour and flight tenacity, and into a 
coagulun), mor^ or lefs firm, of a dark rpd colour. 
This is termed the Coagulation of tl^e Blood : the 
fluid part is the ^erum; the foUd, the Clot, or 
Craflaraentum. The latter is a mixture of two 

"... y ; r i ' ' * 

lubftances,— of the colouring matter, which carj 
be carried off by water, and of a folid white elaf- 
tic matter term-ed the Gluten, Coagulable Lymph, 
or Fibrin. 

The caufe of thfc coagulation of the .bloo4 has 

riot been afcertained. It takes place more readi- 

{ . . . .... .■ •■ * ■ 

ly when the blood is at rfcfl:, and when the tem- 

perature is below 06^. The accefs of atmofphe- 

. ■' ' . • '.'■'' ' ♦ 

lie air IS hot neceflary, as it takes place in fdcu&i 
and it has been affirmed, that it coagulates with 
liearly equal celerity when expofed to difierent 
gasts. 

Blood is likewife coagulated by heat, and by 

the addition of acids or alkbhol ; but this coagula- 

1 , . • • . « . ♦, • I . . . ... . . , ... - 

tioh is different from that ' which takes placi: 
fpontaneoufly. Alkalis tender it more flmd, , 
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Tlae fpontwe^us fepacalioti^ of die blood iato 
ferum, colouring matter, and fibrin, leads ta thdir 
diftin<^ examination, to afcertain its conftituent 
principles* 

• ' ■ ■'•''-, 

SetMHB is a fiuid f%htly Vifcid^ of a yellowilk 

e^UFi 9nd m infipid, fbmewhat faline tafte, a^ 

bout one-tenth hearrier than watec, It is mMcibfe 

with water in every proporti(m» Expofed to a 

inoderate heat, about 165^ of Fahrenheit, it cpa- 

gataf^r It is aUb coupa^^ by alkohol, adds^ 

lacidulous falcs, and by feveral metallic oocydAp 

The fubitance thus £^arat^ is termed AlbumeSi 

It is (kie of the moft abundant priociples of ani^ 

mal iiaatt^r. 

<^ 
Albumen is fi>lubl$ in water ; and if not m&re 
timn 8 or 10 parts of water be ufed^ is coagulated 
by heat. It is tAh coagiilated by tfaofe fubftanices 
that coagulate the ferum. After coagulation, it is 
no longer foiuble in water. It is diflblvtd by the 
alkalis, by ammonia very flowly, by potalh and 
foda more rapidly. Buring itd folofidn by the 
^ed ^alis, a quanrit^ of Ammonia is difengag- 
ed. Acids alfo diflcdvel albumen. By the nitric 
9Ci4 it 3 decomposed ; nitrous gtis ii iSfengaged, 

and 
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and an oily-likefabftance, foluble in aJ&ohoI, is 
precipitated. 

Albumen, when decompofed by heat/ affi>rds 
the ufual produds of animal matter. ;lt appears 
to contain fulphur ; as, by digefling a folution of 
filver with it^ fulphuret of filvfsr is obtained. Its 
refiduum contains phofphats and carbonats of fo-> 
da and lime, and munat of foda. 

If the coagulum obtained by having expofed 
ferum to heat, be cut and prefled, a liquor fome* 
'wfattt turbid is obtained : it mixes eafily with wa« 
^ter. When this is made to boil, on cooling it con- 
cretes, or becomes gelatinous* By this experi- 
ment we difcover the exiftence of another prin^ 
ciple in ferum, which is fduble in ^ water, and 
whuch does not feparate from it on being heated^ 
but forms with it a perfed folution of a gelatinous 
confiftence. This principle is termed Gelatin, and 
it forms a principal part of many of the animal folids^ 

.This principle may be deteded in the fe« 
rum by chemical tefts, particularly by a iblu* 
tion of tanin, which combines with the ^latin, 
and forms^ ah infoluble compound. Alkohol, 

and 
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and the mineral acids^ precipitate it Nitiric ao^i 
heated upon it deoompc^i^s it ; . a large quantitj^ df 
gas ig dtfoharged, and oxalic acid is fornied. £gi- 
pofed to iMsatt gehitih afiordscaxbonic.acid, caih 
bonaxed hydrogen^.carboni^t of sdrrnionia, and an 

empyreumatic oil, tte refiduaia /being charcdal, 
containing phofpfaat icf lime. 

The liquor rraiaming after the feparation of 
the albumen and gelatin from the ferum is Uttle 
^Sk tfaft&albiiaftk&i of certainfi^e fubftances, of 
which the principal are pure foda and muriMtjif 
fqda, widi fbme fait coilttaifUQg ph<^phoric acid. 
From the defence of the foda, it has the propei^ 
ty of changing the- more delicate vegetable co- 
lours to a green, 

• • • • • 

Serum is thus to be confidered as a folutioq t& 
albumen and gektiri, with certain faline matters, 
in wat^r. 

The other fubftance obtained by the fpontane- 
ous Coagulation of the blood, the Craflamentum, 
is of a dark red colour, which, by expofure to at- 
mofpheric air or oxygen gas, becomes more florid, 
while it is darkened by hydrogen, azot, and cap- 

bonic 
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l>ome acid, fit ddes oot putcefy xjjmM^^ xifo^ 
4foi& to the lur, and by c^fMofuce to a nubderatse 
-H^rmth it may -be dnedi Eacpolisd jIo a^ ftra^s 
ibeat it B^dttoom^ed, dfording tfie vfiial produ^ 
^ *j^mal ffiSKter. The lemaimng chatooai ooo- 
tains a confiderable.quamitjjof .oxyd of kon, and 
feveral falts, having hate aisi tiieifixed alkalis Ibr 
their bafes, and phofpfaoric acid principally for 
>tfaftir otberconftitiient principle. 

mie Ch^a&mentum is not a -hamogeneQUs fob- 
fiance^ but a mixture of tivo pxtnctples wfaidbcafi 
•%ie veTy eaiftiy fqparated. ' lfwateir.be jpoored on 
it^ the fhttd acquires a red 4:dlonr ; and by iTcpeiM^ 
-ed wa&ing, <a t(^bhe fibrous maitter remains. By 
this fimple analyfis, therefore, the orai&iaentimi 
is refolved into two principles,— a colouring mat- 
ter, jbtoble in water, and a SoiiA infoKiUe -fub* 
Amtie. The former «9 turned Hit ColouriRgiMu> 
ter of the Blood, or the Red Globules ; the ];atte^, 
the Gluten, Coagulable Lymph, or now more ge-« 
HMvsdfy Fibrin^ 

r 

IFfae cdoming matti^'has been f^pfK^d, from 
4iiacrofcopical obfervation^^ to be fphei^I par- 
ticles. Itt b £blu]^ m water, but &}&a a ;grad^ 

al 



fidatioiii; It I), aid^- ^ l>y iht^ g^fti^^ ite cobttr 
being chawged. ^ Wtett *Scorifp6fi!a by Heft; i£ 
affonk carbonatM tajdrogeh, falpftitltiateid hydB^i 
gen, {iruffiftt of ammonia, and empTreumatic.oil ; 
^?fiftfitlnfift£^j&ooal'cOuti&i^g€arb6!t«'t, piiof- 
^tatttirOtid THitti^ief ibda, MS'ii^ earfeotnkt tt^d^Iio(^ 

• • • { . ■ ' 

TheFiBdfi, ^Bieii' ferriliJ the baiiS 6^ this Hiife 

M ifil^,'6f ia'-fibto fextot«i- and' elafflc;'*^^ 
h liiifoluble in wiater, except by lOrtg bOiiiftg^ 
I'fife JflfelBs 'difiSl^ attd dtconipofe'it •' pcJtkih or 
fiida t^ngdge firoiri it attithohia, and precipitate a 
Cfci^Hohaceous rtattfei^; ITi^ acids lifeewiffe aiflolVp 
it,*iit fet tfeG?fa)nit'tiSie alfef it, as the matter pre* 
ci^itatedfrbrfi thi^fe foliAions by an alkali h^s not 
CHfe propettit^ 6f teh. Nitric acia dildfea dit 
engages -from it*^ Very large 'qakntitybf azot, 
which BerthoUdt proved' wals extficateii ftoih the 
fibrin, and not from the acid. Oxalic acid^ with 
Hii^l {Mimons ofm'alit'an^ acetous acids, are fonn- 
«tfi DtmBHpfi[€i.%y faeat;'fibnh afibtds empyte^.' 

tbt.'te ■■■I ^t^ matte 
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niatic oi], c^rbonat of amiponhi, and very fo^id 
gafe, coifriifting probably of hydrogen, with azot 
and phofphorus : the remalfiiixg chtircoal contains 
phofphat oflimei 

Of thefe three fMrincipks, gdatin^ album^^ 
and iSbrin, with oxyd of ifon and. a few x^euti^ 
falts, principally thofe having fdda and lime fijr 
their bafesy the blood appears to be formed. It 
accordingly partakes of all tjieir properties— risr.co- 
^gulated. by heaut, by alkohol and acids— is render- 
ed thinner, by ^kali$---ha$/^$.^plpur changedibj 
expofure to the feveral gafesr-is fubjed to.pi^ij^-^ 
fadion; and when decqmpofed by heat^afiy^df 
the mingled produds obt^iiied ,from the ft^rate 
decompofitions of thefe principle. Thde pro- 
duds are principally empyreumatic oil, carbgnat 
of ammonia, carbonated and fulphurated hydro- 
gen, and prufiic acid ; the reliduai charcoal con- 
taining phofphat of foda, phofphat and cai:bdnat 
of lime, andoxyd of iron. 

After dating; the com^ofition of tbcblopd, the. 
chemical differencesi between prteriarl gnd TfilP^s 
blood may be confideired. This inclcqles the 

theory 
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theoty of Refpirafioii, the procefe by "krhlch thefc 
differences are produced. 

The bloody which returns to the heart by the 
veins from the extremities of the arteries, is of a 
dark red colour, with a {hade of purple, it is 
tranfmitted from tlie heart to the lungs ; and du- 
ring its circulation through them, in which it is 
expofed to the aiStioa of the atmofpheric air, it ac- 
quires a florid red colour. Being returned to the 
l^fiMleof t^liieiQrt, k is a|^ circulated by the 
arteries through the fyftem ; and in their extremi- 
ties it fuffers an oppofite change, acquiring the 
dark venous hue. 



From thefe changes of colour it may be infe]>n 
red, that certain changes in its compofition take 
place ; and this is fully eftablifhed, by the corre- 
fponding changes which are found to be produc- 
ed in the air by refpiration. When the air which 
is expired is examined, it is founa to differ in its 
compofition from atmofpheric air ; it is deprived 
of the greater part of its oxygen, and it contains a 
large proportion of carbonic acid, with fome a- 
queous vapour. r 
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It imy be ftftted ^$ thf mm TSfidt of tbe €|e- 

periments of different chemifts on tl^e extent of 
thefe changes in the air, that when lOO p^rts of 
Qxygeo ^e conf\i^d» 79 parts of c^t^poic acid 
gre forpied. From 30 to 38 cu|)ic inches of o^Yt 
gen are confumed bv an adult in a minute^ and. 
from 2p to 26 of carbonic acid ^e formed ; 3 
grains of w^pef at? p$pwd ift the fj^me Uo^^, 

Eii^p^ximeAts on Uie ]>lood itielf have lilfe^Y^ 
Ibii^wn, a diSbri^nce in its compofition in the venoii^ 
and arterial itates ; i^ particular, t)i§t arterial bloc^ 
contfjm a ppitipn of pxygpi?* 



Dr. Crawford advanced thp ^rft fati$|kdory 
theory to account for thofe changes which qogftt- 
tut^ the procefs of risfpiration* lie fuppof^d, tl^t 
in the cour% of the citpulatioq, and pfpepi^Ily ip 
tJxe extreme veiTeU. the avterial bipod receives ^ 
portion of bydrp-c^boq, by )vhic)i it is convertefi 
into the venous, it^te i ^nd tb9.t in the lungs this 
hydro-carbon . is difch^rgcdi wd conabijic? in ita 
nafcent ftate with thp p^ygpn of the infpired ?ijr,: 
foraging the carbonic afid apd aqueous vapour,, 
which, with the azot of the atmolphere, are expir- 
ed. 



est ?/ Mng it? liydro-c?cr^qg, t,"^ H^lggcf ^gm 



. • « - ^ * •• 



iJiQjr j^ltt be explained in mother nso^e,— th^ti 
^ oxygf-n Ffeich dif^ppears in ipfpjr^tipq tnay 

1^^ fyipppfed to be diredly abforl^ed by the blood j 
^gt tin tj^^ cpuvfe qf the circuiation it maj be 
CQipbliied witl) Qjs^vbm ^X hydro-carbon ; and that 
tilt c^jj^cip^ «|i|^ 4^ fiNn^imX bjB convey^ 
f d by tl^ Tenons bipod, and be throw? put in tl|e 
^i^Qgs, a niew portion of oxygen being abforbed* 
l^k^ explanation was afterward;S more fully iiluf-r 
tifitpdby JUi Qrai^ge aqd HaiXenfratzy and is the 
t])<»>ry <^ refpir^tion which is at prefeiit, perbap$, 
nwft ge|iei?41y teceiye4. 

1 

Kotb tbcfe hypothecs are liable to objedions. 
The firft iq deficient in giving no adequate expla- 
vsimn of the converfion of arterial intp yenoi^ 
\AQS)df fince no fource is pointed gut whence the 
kydrp-carbon is derived : it does not, when ftridlw 
ly undecftood, account for the prefence of a por- 
turn g£ oxygen, which feveral fa&s concur to 
prove is in veqous blood ; and it n^e^rily fnppofef 

the 
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the aqueous vapour expired to be formed in rcfpir- 
ation by the combination of oxygen with hydrogen, 
while there is every reafon to believe that it arifes 
merely from evaporation from the moift furface of the 
lungs. The fecond hypothefis is deduced by the mdft 
inconclufive reafoning from the fads which .have 
been brought in its fupport ; nor are any of its 
principles ftridHy proved. Although it ihould be 
admitted that oxygen exifts in the arterial ' blood, 
it is not proved that this oxygen is in a ftate of 
loofe combination, or that the whole of the oxy* 
gen which difappears in refpiration is thus abfbrb.* 
ed : the quantity may be merely that which is 
not fpent in the formation of carbonic acid, and 
which may ht neceflary for certain purpofes in 
the animal economy. Neither is it proved, that 
carbonic acid is prefent in venous blood : its,exift- 
ence in that fluid feems even improbable, fince it 
is found, that carbonic acid added to blood alters 
its compofition in fuch a manner, that it is incap- 
able of being rendered florid by fubfequent €xpo- 
fUre to oxygen. And that the carbonic acid dif- 
charged is not merely evolved in the lungs, but 
is immediately formed by the a6Hon of the oxy- 
gen of the air on the carbon of the blood, appears 
to be proved by Mr. Davy's experiments, in 

which, 
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tsrfakh;. when hydrogen was infpii^d for a fhott 

i 

time, the:prodtiSioii of this acid nearly ceafed^ 

» - - 

It may be ftated, as a more important objec- 
tion to both thefe explanations, that the changes 
they fttppofe/ aa^ not analogous to tUe ufual che- 
mical changes! which take pla(^ in (he animal fyf* 
tem ; and that they are not fnfficiently conneded 
with the purpofes: which the blood ferves in its 
circtiktion. When the general facility of <;ombi% 
xsilimJn fhe iHkiciples o^f animatioattet, aiui the 
m^ncj which the adions of the veflels have to 
fcnrfn.thcan into ternary or quaternary principles, 
are confidered, it*feems^ extremely improbable, 
that oxygen ihould be abforbed by the blood ia 
the lungs without immediately altering its cjompo- 
fition ; tK* without being attradled by any of 
the other principles of the blood, it fliould be 
mere^ combined with carbon, or with carbon 
and - hydrogen, in the proportions neceflary to 
form carbonic acid and water ;« and that this car- 
bonic acid, without afeding the ultimate comfjo- 
fition pf the - bbod, fhouid be carried the whole 
length of the. venous circulation, and thrown out 
at the. lungs. It u equally improbable, that car- 
bon, and hydrogen iliouid be brought into a ftate 
. ' of 



bf hmsLtf toirismation in the extrmie <TOfirel9, iM 
fhoUld be held merely d'dlblved by the renous 
blood, till afted on by the oxygen of the air in re- 
fpiratioli; 

Still leTs aVe. th« changes wl^i^ thefe explamu 
tiohs fuppofe connefted with the changes whidi 
the tllood ftifiers. Its ptiDciples aite expended in 
the formation of the diHerent fecretionSi in the 
siourifhitient of the fdid fibre, and' perhaps m the 
iU^pport of the powers of the animal fyilem. But 
no conhei^on is traced between thefe kmyml 
changes, and the fuppofed communication (Df by^ 
dt^-i^arbon, or the combination of hydi^catbo* 
snd axy^n, in the extreme vefibl^ 

The cbnverfiohof arterial iritd vlftdiis bldoft 
ihbdld be coiifidered as intimately eoniie^ed 
&& with, or ra:ther as the rfeftilt of the changes 
tWiich are conftahtly carried oa in the extr^e 
vieifels, and this converfion^ as well as thtt of T'eh^ 
cfufi into arterial blood, muft be regarded as arifihjg 
frofh changes itt the ultimate eba^^ofitiori of the 
liho#tt proxihiate principles of the blood; aiid riot 
itoereiy from the alternate cbmrininicatioh arid ab- 
ftm€li<)6 of a priticiple which it holds djilblvedin 

■■/ it. 
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it, (tt in what is termed a date of lodTe combinA» 
tfon* 

• Aecordmg to thi^ view of the fubjeft, the foU 
lowing may be confidered as ail explanatiofi of 
thefe phenomena. 

' The blood is the Iburce Whence all th^ p^rts of 
the body and the produdls of the fyltem are form-^ 
ed. Its expenditure i^ conftantly fupplied by the 
ciliyle, a fltitd tifi completely anlmAliftd thio the 

4 

blood itfelf. The peculiar character o^ animal 
matter, With refped to coitipofition, is a large pro-^ 
portion of azot/and a diminifhed ptopdrtion of 
carbon. It may therefore be inferred, that lA 
the extreme vefiels/ where the animal folids and 
fluids»are formed, the general procefs will be the 
fepatation from the blood of thofe elements q£ 
whteh animal matter is compofed ; and that, of 
cbutfe, carbon, which enters more fparingly into 
their compofition, will exift in the remaining blood 
id an increafed proportion. This is accordingly 
the genetal nature of the, cOnverfion of arterial intt^ 
"Venous blood. Azot, hydrogen, and other elements, 
are fpent in tbe formation of new produds, and 
Vot^II. Uu the 



the gvDxioiate j^iinciples of the blood rental ^th 
an increafed proportion of carbon. In this ftatii 
it is expofed under a veiy extenfive furface to the 
atmoipherk air in. the hiogt* the: oj^gen* of which 
abftrads its exce& of caiboAi and forms the car^ 
bonic acid expired. At the fame time smother 
change probably takes place, to fenre a di&rent 
important purpofe. A fupply of oxygen iieems 
to, be neceflary to iupport the neceflary ftdioiK of; 
the fyftem ; a quantiQ^ of it tbetefiire i$.ahfi»rbed 
by the UoOd in the lung^s^ and expended in the. 
extreme vefiehu The combination of thefechaageSf^ 
—of the s^ftradion of carbon by theattraAioo ex^ 
cgted to it by the oxygen of the infpiced. air^ and 
the abforption of another portion of osygen^ con- 
ftitute tbe^ aomifffion of vjenous wH arterial. bhfuL 

The only difficulty to be obviated in thb. view 
of the fubjed, is chat derived finom theia^tha^ 
carbon does not combine with oxygen but at a 
high temperature, and therefope that m> iwh cam* 
bination can take {4ace in the lung$. But this it 
no real difficulty. The carbon is not m^rdiy-m % 
fiate of .folution or loofe. combination ; it remaina 
combined, with the other elements^, and ia gnly ill. 
excels in the proximate principles of the renoirs 

blood. 



V. 



hiboi. And lalthoUi^ datbbn t^ itilMff reqat!Fe# 
to be raifed to a liigh ttrapetatixte to boibbiiie 
m^^xygtn^ yet i;l^hetik ftiakes part of a tet- 
<iaiy or qtiatemaiy comlwnaltidh, it may be ab- 
itra€ted and coinbimKi With oxygen at aliy'iia* 
twM tetttperq^tttre. This k ^V^iti eiernjflified in 
^e blood irfcE the ^xperimeiAs of F0n?tanfa 
and bthers tat^c fhewh, that viktn either ^tte- 
ttal tit yetious blood is ajg;itat6d Whrh attmcff- 
pberic air or oxygen gas, carbonic aci^ is form« 
^ed, vfbkks W^hr^ji^ to arterial blood at leaft, 
m^ be ^allowed to %e owing to the bxygfea ab* 
IttaiSing part of its carbon ; and if fuch a c6inbifi« 
^^tidn is poSible, \t is evident th&t it imull ^^ 
^ce more vapidly during tefpiration, whe^e lilfe 
circfimftimce^ lire fo touch more favourable, Mieife 
a comparativdy Irijgh and unifotm tei^peraturfe Is 
kept up, where the blood isi expofed over ah ex« 
tenii?e furiace, and in a ft ate of extreme divifion, 
and wher^ thsit fatiktt^ as well as the ak it^lf; 
ate rapidly r^neiyed. 

From the theorj^ of the ch^ges which the 
blood fufferi ih refpiratiott, has been deduced a 
thedty of animal heat, or an explanation of that 
tiiiifotm tfefflltiekatlue tehieb ^Sutdjoiab preferVe, in 

general' 



^ 



33^ BLOOp. 

general foperior to that of the medium in which 
they live. It had been obferved, that in different 
animals, the fuperiority of their temperatvire to 
that of the furrounding air, is greater according to 
the greater fize of. their lungs; whence it had 
been inferred, that refpiration is the fource of ani- 
nidi heat,*— ^ conclufion which Dr. Black confirm- 
. ^ by obfenring the analogy between this procefs 
and combuftion, in the changes which ?re effe^ed 
ipth^a^r, 

r\ r ■ 

Dr. Crawford firft fully explained this dodirin^, 
«and eftabliflied it by accurate experiments. Qe 
had p^eviouily ftiewn, that in general when inflam* 
mabje bodies combine with oxygen gas, adiminii* 
tion of capacity takes place, whence there muftbe 
an evolution of paloric; and tha( in the combuC* 

* * » * • • ^ 

tipn of charcoal, when carbonic acid is fo|*med 
from the combination of oxygen with carbon, a 
large qqaptity of cgloric is rendered fenlible.- It 
is evident, that fince in refpiration a fimilar con* 
fumption of oxygen and produdion of carbonic 
Scid take pl^ce, there miift be a fimilar evolution 
pf caloric. He further afcertained by experi- 
ypeyit, that the capacity of the blood changes 
when it pafles from arterial to venous ; and of 

qourfc 
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courfc from venous to arterial ; that of arterial 
being larger. than that of venous blood, in the pro- 
portion of 1.030 to 0^92. 
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On thefe faas, Dr. Crawferd/ounds^his^admi- 
ra^e Jthepry of Anhnd Heat. ; . In refpiration, a 
quantity: of Qxy en is co|nl>ined withrcarbqn, or, as 
he .Cupi^fes, with, hydro^carbon ; and carbonic 
acid us formed.- Caloric muft be evolved in con- 
feguence of this combination. But- the blood is 
at the ikjpe.time cfaapge^ft^^ venous to arterial, 
and by thisr change acquires a greater capacity 
for caloric. It therefpre takes up the calorifc 
which has been extricated by the combination ; 
fo that any rife of temperature in the lungs which 
would be incdmpiatible with life is prevented. 
The arterial bipod, in its circulation through the 
extreme vefleb; paffcs" to the venous ftate. In 
th^ cohverfion, its capacity for caloric is diminifl(i- 
•ed,:as much as, it had been before inareafed, in the 
lungs : the caloric, therefore, which had been ab* 
fdrtited is again given out; and this flow and con- 
ftant evolution of caloric in the extreme veflels 
over the whote body is the fource of its uniform 
temperature* 

* 

Befides 
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Befides lihe experiments firom whicli 1ia& tlieor 
ly was diredly deduced, k lias been coofirtoed by 
others, in which the quantity of caloric remiettd 
fenfible by an animal is meafqred. Dr. Crawford* 

• * • 

-find lavcSSer and La Place, found, that When an 

aaknal k confined in a veSH, contrived fo as to 

meafure the quantity of aihyno wfaith it gi^m to 

tiie fuiTomiding medtom in a certain tiioe, atid 
the quantity <Gf oxygen oonlutiied foy the anknal 

in diat time, this qoaotity of cakitic oorse^^raods 

.iseuly to tiie qnntity evolved from the cambu£- 

tioB of carbonaceous m^cUer, fi^:hts wax moS^ifi 

the lauK quantity of oxygen. 

. ■ * 

Tins explaiiatton is ^togeth^ independ^t on 
4ny paitipidar theory of re^nration. Whstevsr 
may be the nature of th&.differences between ye-^ 
TK)us and artserial bloodf WheCber tbe latter conudn 
oxygen or not, or whether the former bold in folu- 
tion hydiro-carbgn, carbonic acid, or ^y otjter 
{dnciiile,--it is proved by experinm[)t, that the 
Uood in thefe two iiates has differraxt capsciCRS^ 
for caloric ; and on this fxiSt^ the explanation of 
the origin of animal tan{>eiature depends. It is 
likewife the fame, whether the combination ttf (^ 
^gen with carbon be fuppofed to take place in the 

lungs 
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longs or in the courfe of the circulation ; fince 
firom this combittfttiOfi^, the carbonic acid expired 
is derived ; and whenever this takes place, there 
ffiuft be an evolution of caloric. 

« 
When an animal is placed in a medium, the 

tempfiialsive of whidi la c^nfi^iraU^ hig^ it flaH' 
pueferws ild tempenaCuw nearly uniform; th^- s^ 
mal heat not riling much above the natural ftand^oL 
In this cafe, it has been afcertained by the expe- 
riments' o£ Br. Giawfiard; thsct tjisa iifiul change 
ofanfecaisd: iiita venoia blood do^s not:gao% the 
l^Mid lo the veins; being nearly as florid^ as in thsi 
artesues.. Ul is evident^ therefiore,. that no* ev^ 
Intaan e£ caloric will take p^e;. andi ijLi&ewab 
paflEHodis,. that: the. temperature: of d» bod^i^ may be 
kepfi. low by die blood, acquiring an iocreafedr ea¥ 
paoty foe caloriCf though oljhrr ciocuraftances^ 
particidarfy the imperfeO: coodu^og power o£ 
the miimal £blids,^ and tfaei mcxeafed; pedpiisitioii, 
have: a ifaaie in the e&€L 



Sieih 



t 336 3 



ii.i.. ■■■■ " r* ■ i B 5» . • ^ 






iSIf^. U. «^ ^ Of the Animal Solids^ 



T^E foft (blids fieem to be formed iimiDediately • 
of obe or other of the proximate principles of the^ 

Uood. 

. • * » » ■ 

M:£iilBkANE, which is the balis of the cellular 
fubftance of ligaments, tendons, cartilage, aiid oT 
the (kin, is little elfe than gelatin. If any of iliefe 
fubftances be boiled in water, it is nearly entirely 
diflblved, and the folution on cooling is gelatinous. 
The tell of tanin like wife fhews their identity 
with gelatin ; as when added to their iblutionsi 
it forms an infoluble . precipitate. The ikin^ 
and cellular fibre, are'fuppofed by Seguin. to 
be gelatin rendered concrete by a flight degree 
of oxydation. Tlie epidermis appears to be ftill 
further oxidated; as it is infoluble even in boiling 
tivater, though ftill diflblved by the alkalis and 
lime. Ligaments, Tendons, and Ca&ti* 
X.AOES, have been fuppofed to contain a greater 
portion of phdfphat of lime, from which they ap- 
proach to the nature of Sony matter. The folu<> 

tions 
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tiiins of foide of thefe fubftances, cdxtained by 
itrong boiling) are: employed as nutntiousarticles 
of idtet, or in the. arts]^ on account of their adhejive 

Quality, as glue. 

, •' . . • * 

Boiffs cont^ns t large proportion of gelatini 

4 

mid feems to coniift principally of ^lat matter u-^ 
nited/with phofphat of lime. By boiUng under 
an :mcreaibdr{«Deflhie,,the. gelatin is diflblved. *fiy 
maceration in ^i acid» the greater part, of the 
^b^plsn o£ lime js ^xtraficid, and a foft membra^ 
nous matter, having the figure of ihe bone, re- 
mains. : When. bones are decompofed by heat^ 
the prdduds ate. carbonat of ammonia, a foetid em* 
pyreumatic oil^ .mid. carbonated hydrogen: the 
lefiduum is principally phofphat of lime, with 
jGtnaBer. quantities of xarbonat and fulphat of lime, 
Horn. is fimilar in its compofition and properties 
tobone. The fuhftanceof ihells^contains a much 
larger /proportion of carbonat of Ume : in fome 
animals, it confifts almoft entirely of it« 

MUSCULAR FfBR£'feems to have fibrin (6t 

its bafe. When wa(hed with water, it is white, infi^ 

pidv and elaftic; acA wJien treated with nitric acid, 

VoLi IL X X gives 
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gites fmt Hzotijc gas, aod is converted mto oxalic 
and maBc add& The water in wfaidi it hus been 
macerated contaim, befides the coloimng matter 
of the blood, gelatin and albumen, with a iinatt 
protK)rtion of faline matter and of fat« In young 
animtd% the gdaf^n is istoce abundant in the tnuf- 
ciiter fil»e tbftn in old* in vpfaom Che fibrin^ratbec 
pcedomjinates* When mufcular fibm is decern* 
pp&d by tieat^? tefides the uiual pcodiids of ^im« 
mal matter* a: peculiar aqid, the Zoosic, is ds^ 
tained^^ 



-^ »*• •# ■*• 



Fat ap^ars to be a pecoliar fecreted znatlw^ 
a$ no traces of it can be^difcdirered in the blood« 

* r 

It is coataiiied ih niiBnte oelb.andis neaiiy flmdv 
but bepomes harder when extmfied from the 1^- 

» 

d;« Its properties are snarly die "falne, a& thofe. x£: 
vegetable eKpre&d oiL It is infipid and inodor^^ 
ous, infoluble in water and in aBsohoI, ihflammau 
bk, and capable of combining with alkalis fo a$ 
to form foap^ It becomes raiicid on esLpo&at W 
tl^ air, owing, it is fuppofed, to the abforption of 
oxygen, and the confeifa€9it.lbfmatioji.ofia pecu- 
liar acid. It is ^ caps^bi^ iof bi^g Qj^datedi Iftjr 
the acids, efpedaUy by thfldW^ . .- • ... 
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Fat is decompofed by heat : an acid liquor, 
a confidemble portion of an acrid emp^reumatic 
oil^ and carbonated hydrogen, are difenga^, tJ^ 
refiduum being charcoal. The acid liquor thus 
obtained has beenlCbppi^id to be a peculiar acid, 
and has been named thi^ Sebacic. When obtain^ 
ed pure, it is fluid and colourle&, has ^ pungent 
odour, and a fharp acid tafte : it reddens the y^ 
getable colours, and combines with the Alkalis, 
the earths, and feyera^of the metallic oxyds. It 
is decQmfwfed ]>y Jbeitt^Mpftrboqic acid being difen^ 
gaged| and charcoal remaining. 

Fat is capable of combining with metallic px« 
yds ; wd from its faciUty of oxydatidiv it can bo 
made to ad upon feveial of the metals. It thus 
converts copper into a green oxyd, and facilitates 
the oxydation of me^^cury by trituitatiqii, 

The folid matter of the brain has beeif analyf. 
ed by Fourcroy, The -pulpy tD^t&( of wUch 
it chiefly confifts^ approaches moft neftrly in its 
properties to albumen* U is mixed with feveral 
filine fttbftances, particularly with phofphats of 
lime, ammonia, and &^ 



^£1. 



•I 
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iS'^^. ni. ^ *- .-* Animal Fluid*. 



Animal iFluids* are chiefly the produ^s of fecre^ 
tion. The principal of them arc, Milk, Lymph, 
Mucus, Saliva, the Gaftric Liquor, Bile, Urine, 
andTerfpirable Matter. 



\ , » •*' 






MilK.— This fluid, defigned for the nourifli- 
Inent of young animals, is fecreted by the glands, 
ifituated in the breafl; of the fein^e. It is white, 
opaque, inodorous, and fweet ; varying, however, 
in its fenfible qualitieS| as obtained from different 
animals, 

. When milk is allowed to remain at reft fbi: 
fome time, a white fluid, of a thick confidence, 
cplleds at the furface. This cream is of ^n oily 
nature, and wheti agitated for foine time feparates 
into a fluid and a folid part; the latter being a 
concrete oil, or butter, fimilar in its properties and 

pompolition to animal fat. 

- • ' •^ ' 

After 
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» 

After the fpontaneous feparation of the creairf, 
the milk continues to fufFer other changes. It 
firft becomes acefcent,and then coagulates : when 
the fluid is prefled out from the coagulumi a dry 
matter, fomewhat elaftic antt infoluble m water, is 

* 

obtained. This is the Cheefe, or Cafleoiis part of 
milk. Its feparation appears to be owing to the 
formation of an acid in the miU(, fince it can be at 
once feparated by the addition even of any of the 
weak acids : it is alfo feparated by alkohol, and 
variiMs .<^dbei:,fubllanGe$ ; 9nd likewife by heating 
the milk, the thin pelhcles, when they form on 
its furffu:e, being the cafleous matter. The Uquor 
found in the flomach of young animals, or the in- 
fuiion of the membrane of the ftomach itfi^, fe- 
parates the cheefe molt completely, and is ufed 
where it ,is j^repared as an article of food. 

The cafleous matter of milk is a white or grey- 
Ifh matter, fomewhat elaftic, when frelh nearly in- 
fipid, infoluble in cold water, foluble in the alka- 
line folutions, with flight decompoGtion, a fmell of 
ammonia being difengaged, and likewife partially 
foluble in the diluted mineral acids. Expofed to 
the air in a mcofl: ftate, it foon putrefies. Decom-^ 
ppfed by he^t, i( affords an empyreumatic oil, 

ammonia, 
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amizioDia» and carbonated hydrogan, the refidu« 
mn being charcoal, which, when bumf, affor4a 
fixed alkali. 

W^^n t^efe two principles, the h\ftt^f and the 
f^h^efe, have boen feparatc^ from the m\Q:, there 
remains a liquor, termed the Serum, or Whey, of 
fi yellowifli colour and flight tenacity, and ^ a 
bland agreeable tafte : when evaporated, it af-« 
^rds a fubftance (^ a faUne appearance.. Tbii^ 
by ^^^cond felocton and evappratipn, may be oh* 
tained in rhpmbo^dal cryda^, of a white {x>li>ur 
^d fweetijth tafte* It is termed the Sugar of 
Milk« It i$ Mvkh i& 7 i^rts of gold^ and 4 of 
boiling wattT, 

When the fugar of nnlk is treated with nkqnc 
acid, ajQifted by a moderate' heat^ nitrous gas i$ 
difcharged s the ibliitioi^ becomes y^Uow ; and as 
it advances^ a copious depofition of a whke matlw 
^kes place. The fluid contsuns pxalic acid ; the 
white concrete pqfiefles the properties of an acid : 
it is fdubk in water, thoi^gh very fpam^y S ^^ ^ 
more foluble in alkohol ; and it oombine& wi^the 
alkalis and earths, forming peculiar f^ts. It is 
fermed the Saccho-Lad^ Acid. Scheele, whq^ 

difcovercd 



di&0Te»Bd it^ cbfiehfded, that it Is iaot fearmed in 
tht prQce& by ^bich it i» obfMoed, but t£&t tlte 
fugar of milk i$ a cotxipaund of it with ftccharine 
matter ; and that this lattef mattei' bbiog oicfdat* 
ed by the nitric acid, the fonner is feparated. 
Tl^ opinion is adopted by Farmentier and ]>ey- 
etaLfby whom mHk has been fid]y andyfed/ 

Fr<tei: thfe quantity of fafccht^rinie matter wluch 
the milk contains, the whey is (iifceptible both of 
the vtnotts aptil acetous fermentation. The latter 
h ml f nt^ly fiOiiW to the acetous fermeotatik» 
of vegetable ixiatler ; the pre&hoe tf the air is not 
ntieSktfp and the acid which is foritned' i^ different 
fifcKqo^; viaegtMr« It ctonot be diftilled without fxif^: 
fetiaip deconlpdfittodi, asid it forms peculiar falis 

with the alkalis; and earths. It is tenhed the 

» 

La<^ic Acid^ and\ is much more foluble than tfie^ 
faccsfas^Mlic. It cannot be cryftafiixed* 

Befides the fugar of milk» there are fome other 
falinefttbflaiQcss'piefentintbe ferum, principdly 
mmiats^ likne, pdiafh^ and fodav with finne4^ 

contaiQ^.ptofph^ic acid. 

» - . • • • 
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LYMPH.^The fluid contained in the Ij^^bsl^ 
tic Yeflels i» pellucid, infiptd, and flightly Tifcid ; 
it feenis to be merely a folution of the albumen^ 
and gelatin of the blood. 

Mucus, or that thickiib fiuid which covQr& 
the fur&ce of the different paJSages and cavities of 
the body, appears to be httle elfe than infpiflat-' 
ed lymph ; it is thicker, more vifcid, and of a 
greater fpecfic gntvity • 

S ALi V A is a ikiid fedreted by the glands in^ the 
month, defigned to facilitate the maftication of the 
food. It is nearly tafteleis ; is imperfedly foliibie 
in water; is coagulated by alkdiol and the mineral 
acids ; and is dijSblved by the alkalis, emitting, 
dnnng the folution, a.fitnell of ammonia. It ap« 
peats^to confift of albumen diflblved in water with 
a portion of muziat of foda, and, as ibme have a£» 
firmed, of phofphat of lime. 

The Gastric Fluid, or liquor fecreted in 
the ftomach, is^ limpid, has a flightly ialine tafte^ 
and is foluble in water. . It is not of an acid na« 
ture, as fome have imagined, though it is often 
mixed with an acid liquor prefent in the ftomach, 

from 



b^ acids ^ stMis, iUiAii^iHtir^i^fW^^ 
htiB. ■ ■ ■■ \ 

The ttioft lematiaMe ptopefty of tl^ fltiid I8 
its foivent power with refpeft to the food. Thid 
belongs in nfi eminent degree to the gaftric jaice 
of edrniireMrou^ lafiinkib, i^nkl matter bring diC. 
f^yed by it with fecflity; fe ammafe which feed" 
Dfi vegetable*; it is nitieh lefsr renakrkable, thougll^ 
it i^WS torW eltfem^ fit tlie one, digeflibn it 
pei^^rmed principally by folution f in the othbr, 
the ftmng ibufcular coritr^dfon fcrYes to tritutsi 
ate the fixi^/ and thu^ JBicSitatea its ftibfe^itient fo-^ 
Itttion. 

The eheniibal edi%)fit)6n of this fluid has tiot 
been ^fcertiiiiied. When expofed to heat, it af-* 
fe«^ a largii quantity of water, arid the dt*y mafs 
obtained by ebmj^Iete evkporation affords anrmo- 
Hia and an etripyreamatib ml j a mafs remains, 
wJbticb eontMns carbon with muriat of ibda and 

fdme ^tfaer neutral &!t$. 

V ■ 

B 1 1 E ts a ixai &ct€tcd by did fiver from the 

venous bloods It; enters the inteftind, canal, and, 

Vot. II, Yjr from 



\ 
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£ppm the large quantity fecreted/ appears to ferve 
aa important purpofe in the ajQSiaiilation of the 
food. It is of a tbickifh confiftence ; its colour is 
green, with a deep fhade of yellow ; ks tafte is in- 
tenfely bitter j; its odour faint* It is foluble in 
water. 

When bile is evaporated by a moderate heat, . 
a tenacious mafs is obtained : if this be expofed 

to a flronger heat, an empyreumatib oil, carbonat 

__ ^ 

of ammoaiak ' prullic acid, carbonic acid, and car-^ 
bonated hydrogen^ are produced. The refiduam 
is. charcoal, which, when burnt, is found to contain 
muriat and carbonat of foda, and phofphat of 
lime. 

Bile is coagulated by alkohol, and this coagu-^ 
lation ferves to difcover its proximate principles^ 
If the coagulum is feparated by filtration from, 
the green fluid in which it floats, a white vifcid 
fubfl:ance is obtained, nearly tallelefs, and pofiefs- 
ing the general properties of albumen. The fil- 
tered liquor rfetains the green colour and bitter 
taile of the bile. If the alkohol be evaporated, a 
concrete matter is obtained, infiammablei fufible 
at X20^, foluble in alkohol, and precipitated from 

this 
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this folution by water. As this fubftaifte has the 
general properties of tefinous mitt^ri ' it is termed- 
the Reiin of the Bile> It is likewHe'feparated; 
but imperfcdly, frotothe bile by acids. By thfe 
Oxygenated muriatic ; acid it is • conVeftied into a 
white cdncrete fubftanc'e, of an iinlftudus appear-^ 
ance, which ftill retains its bitternefs, and is foluble 

in alkohol, and in Water aflSfted by heati -"^ 

• ... ■. 

•> •• ■ ■ , 

Befides thefe principles, bile contains* foda, kp^ 
p^MtfOyilllirti^ this givefs 

it a faponaceous quality i ' - 



« « 



There a?e frequently formed in the gaU blad- 
der, concretions termed Biliary Calculi. - Thefe 
vary in their colour, texture, and hatdhefs. . Fre*. 
quently they*confift, entirely or chiefly, of ciryf- 
talKne kmina^, eaflly feparable from each others 
df an unduous appearance, - and inflammable. 
Some are foluble in ^ohol^- and in eilential oils i 
others are not. Befides the particular cryftalline 
matter which enters into the compofition of many 
df thefe calculi, analyfis has deteSed* in them a 
refinous mutter fimilar to that of thb bQe, a quan- 
tity of acid of benzoin, and minute portions of 
lime, foda, and ammoniacal falts. 

Urine. 






yaiNc-wThU fluid, fecptt^ t»y tliie kiibeyti, 
^ difchaiged by tl:^ b}»^r, U ea^i^^meo^itiouBv 
or is de&gapi tq^^anvf^ ffooi tb^ body what, if 

iJiicb jirge4, i^ W trwfpawrit ; «t$ celow pftbyfl- 
1q)Ik ; it^ fmell p^c^^$lri its $a^ itflipe md mx^m« 
Wb^n immediately ^x^irjin^, it i| found m genftf 
ral to be fS^HJy a^pi^i but in » flio|t time a qum^ 
tity of ammonia is eyolved, wbich renders it alka« 
Vm^ As k be^oi^ei^ coW. '«$ Ir^ftfp^cem^ is di- 
mm^Dvffti hlf^ the ^dditiofi of f^e matter, wbiefc 
the animid temperature \^ ff^^i^l H. tQ l^t^ 
difibUed. 

; When HflW is ecfisiq|b4 ,$0 9 mQdi9f^ *»t, its 
5?itery. g^f^ JS ^v^fipr^ed. ^Wngft l?Fkb €8fbc*i«-0f 

^fmmh A ^hi<?)c «u|f^ t^ Qbu»»ed, of a hxomn 

ff^mr,^ aed y^^y fias*^ AseiJi 1*^» "^^^ ^^^'W* 

fe l»fttf ?Ji>rd^. very feti^ cmpyreum^tK ofl^ 
8ll4 8 fa«Jl IKjfilpft p^^^ 



/ 1 ••. » 4 



gjuantitjf q( aflj^jfii^ ««? ^. ^WaPJ' fe^ fiwrfl* » 4i£» 
engaged. 

'.'•T The 



Ipimc wfHer produ^i^ 4 t9Qp}oi» piieeipkitte of.a cS- 
^ greater or le& pT^QCCtofi.^Sdfttkit Tbt^ a^Hfe 

lyiuoat of h^vjtm caa&s a pr«ipttatt^ by dkconifi- 
pofing the phofphoric iaits. The nitrats of mer« 

weeipitate, ffirifing frdm t^ &M)]]ib»mtioa of tiw 

- I « . « , )-» J 

When by thefe tefts» or evappratiofi aod txi^ 
tallization, the &line loattxar contamed in uriiifi:is 
^ ^xaramcd^ it ia fbond ta aqsoSSSi o^a variety of 
ialts. The principal are the phofpbaia nf fbda, 
ammonia, lime, and magnefia, — muriats of foda 
ao4 ftmimmiat r^Jtithic ^ ij^ric itc^,^ and fame-. 
tiKfa,.e^QiaUy ia the tiring of ^tftldren «xid gmmf 
|ii?Qi)ous aoiinala, acid of bei^&oii). 



thefe, the lithicaeidisrflwtmly one tltaC 
Has noiibeeii examine . It fitrm^. th(i principal 
{RTt of tlie, wdrcoloure^ {MredlMate ^hicb vm^ 
depofite^ HRKa pure^ it i$: cobt^ete, and of ^ 
(nryftailine focfa {. 1$^ vtii^ ^loingljr &labha in «riW 

ten 



-lo. 
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ten Its folotion reddens the regetable colours. 
It combined with the alkalis and earths, though 
to either of them its attradicn is inferior even to 
that of carbonic acid: hence it is not folnble in 
•the alkaline carbonats. Nitrk acid decompofes 
it, communicating to it a portion of oxygen, and 
forming ^ fubftance of a red coloilr, 

' Befidesthe faline iubftances exifling in urine, 
and the gelatin and albumen it occalionally coni- 
taim, theiCr-eKifb in it a large quantity of a pe- 
culiar matter, in which the colour, odour, and prin- 
cipal !pi:operties .of the urine relide. This fub- 
ftance has been named Urce by JB'durcroy and 
Vaiiquelin, by whom it has been more particuiar* 
Jy examined. ' 

They obtained this principle by evzpomtiaff 
urine to the confidence of honey, and adding al^ 
kohol, which diflblves the uree, with fmall qoaniau 
ties of muriats of foda and ammonia. The alko- 
hoi is evaporated; tha refiduum is diluted with 
water to the confidence of a fyrup, and nitric acil' 
is, added : this combines with the uree, forming a^ 
compound foluble in water. BM:a{h is^ add^ to. 
its iblutioU) which conabiqes wi^h the hitrk acid : 
i • the 



I 



> 
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tlie ligadr is again evaffot^ted ;..alkoliol isidded^ 
which diflblves the uree, and by evaporation af- ; 

fords it pure. 

- , * \. 

Uree di^blved in water gives it the colour^ 
fmcll, and other properties of urine. It is very 
fufceptible of deconipofition, and forms carbonat 
of ammonia, by its elements entering into new 
combinations. By heat it is almoft entirely con- 
verted into carbonat of ^ammonia, a fmall quanti^ 
ty ef^oil tpipr.' bi^g produced. It is, fuppofed 
to conftitute about the twentieth part of urine. 

From a knowledge of the compofition of urine 
is to be derived that of Urinary Calculi, a fubjed 
of much importance in a medical point of view* 

Scheele difcovered that thefe concretions con- 
lift principally of the lithic acid ; that this acid 
could be obtained from them by folution in an aL 
kali, and precipitation by an acid. It exifts in 
them combmed with animal matter, apparently 
albumen, Bergman could difcover not more lime 
in a calculus . than the 200th part of its weight* 
Other chemifts have occafionally found a much 
larger proportion of phofphat of lime. The diC 

tinguiihing 



ti^giHftiiiig cluffakSer of tlie calculi coaSSmfi^^ 
Ihlue acid^ b their folnbilky ill the pare idkalis. 

Befides thefe, calculi are fometiines found in- 
foluUc ib the alkalis, and which mvA therefore be 
of a dificrent nature. Foarcroy and Vaoquefiik 
hare anatyfed feveral of this kind. They found 
feme cdmpofed principaily of the fithic acid with 

R 

ammoma ; others, of a triple fait, confifting of 

phofphoric acid with, ammonia dnd magnefia;— 

„ .a- — " ► ' 

and in a third variety, named the Mulberry Cal-^ 
cuius, from its dark colour and rough furface, they 
found oxalat of lime. IrL all thefe, animal matter 
licwife exifted. 

PfiRSPiRABLfi Matteh,— From the furface 
of the body there is a conftant exhalation, partly 
of a permanent gas, and partly of an aqueous flu- 
id. The latter, when copiouily fecreted, form^ 
thfe Sweat. ' It feems to be principally water, 
with a portion of feline matter, and of fbiiie ani- 
mal fubftance, probably lyniph. The former is 
carbonic acid : it is difcharged ill very inconfi(Ier- 
able quantity. 



CHAP. 
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bECOMPOSitlON OF ANIMAL MATTER* 



AuiMAb Matter may, be decompofed by heat, 
by the a&ion of other chemical agents, or by tht 
Ireadtion of its principles, conftituting the proceis 
of Futrefadlion^ 



When animal fabftances are expofed to heat 
in clofe veflelSf the ufual produdls are, an empy^ 
jreumatic oil, ammonia, carbonic acid, and differ- 
ent compound gases containing azot, carbon ^ and 
hydrogen, and fometimes alfo fulphur and phof- 
|>horus. From fome fubftances two peculiar acid^^ 
the PrufBc and Zoonic, are Ukewife produced. 
The refiduum is a charcoal difficult of incinerationv 
and contabing oxyd of iron and various neutral 
falts, particidarly thofe formed by the phofphoric 
V(Jl;IL Zz and 
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and muriatic acids... Of thefe produd^ it i$ neoeG- ! 
farj to notice only the Fruific and Jjxaac acids. 

Prussig Acid derives its name firom the 
pigment termed Pruifian Blue, of which it forms 
a component part. This fubftance is ptq^red 
by calcining with a moderate heat three parts of 

dried blood, and two parts of coarfe potafhes. 

From the calcined m^, a 4ey is obtained by dif- 
folving it in water. This is mixed with a fblu* 
tion-rfone-psfrbf -ftilphat of iron; and two parti , 
of alum ; a green precipitate k formed, which, 
*wfaen wafhed with diluted muriatic acid, aflumes 

« 

a beautiful blue colour, and form» FriiffiaB' Bhie. 

Macquer difcovered, that this fuMance is a 
compound of oxyd of itoa, and a p^vUm prjkici- 
pie, which can be abftraded from cbepiyd bf 
boiling the Pruflian blue witb aa aUcalic . Scbeele 
proved, that this princifde is aa acid, ca^bl^-of 
combining with the alkalis, earths, and metallic 
oxyds, and forming falts, fome of which are cryf- 
t^Uizable, others deliquefcent. Thefc are ^rmed 
Fruifiats. 

It is extremely difficult to obtain this acid en* 

tirely 



f 



.« 



tirely pure, a fmall portion oi^ oxvd ,<»f ifQn tte- 
maiuiftg combinjedt witb i, i^t jthe ufu4 proQeiTes 

by which it is obtained- .. It h obtained nearly 

»' • ■ ■ .i 

pire.-by decompofiDg th^/prpfliat qf Potafli by 
fulpburic^id vritb tjie . gpplipation of h^.^t, and 
receiving the Pruffic aqid^ wbicb diftils. over, in 
urater, or in a folution of pure potafh. 

' 1 * ^ ■ 4 

» I 

lolhe formation of- Prpfiic acid by tbe.decom- 

-»•-'>«■. , , ^ 

pofitioii of blood or otbi^r aofimal fubft^cQS by 
lueat, <p»t^^^lyt ^rb ai i y ih^;4rqg^n, and azot, of 
the aiiiipalr inatter, with a fmall portiot^.of.Q:5y-. 
gjei^, cQOxbine together. It can like wife be form-. 
€d-by,anothei.procefe,in which thefe elements are 
coHitwned— by bringing^ammoniacal gas in contad; 
with charcoal heated to Fedn€fs. When decom- 
pofed by heat it is refolv<?d into carbonated hydro- 
gen and carbonat of ammonia ; the refiduum con- 
taming, it is affirmed, a fraall portion of phofphp- 
ric acid. BerthoUet had fuppofed, that this agid 
contains no oxygen ; but Vauquelin remarks, 
that however dry an alkahne pruffiat may be, its 
analyljs always affords carbonat of ammonia ; and 
that in the formation of it from ammonia and 
charcoal, .the quantity of it is much increafed by 
the addition of any fubilapce capable of affording 
oxygen. 

Pure 



35^ DECOMPOSITION OF 

Pure Prui&c acid has an odour fomewhat :&»- 
grant, and a fweetUh tafte : it is volatile, and 
flammable ; is ibluble in water ; its folution 
not redden the vegetable colours : it is decozn-* 
pofed by the nitric and oxygenated muiiatic ackfe, 
which communicate to it oxygen. 

Of the ialts which this acid forms, it is <H3ljr 
ceceflary to notice that with oxyd of iron, — PmC- 
iian Blue. Prouft has (hewn that this compounif 
is affi>rded oaly by the iron highly oxydatcd, and 
that with the imperfed oxyd the Pruffic acid 
forms a white precipitate. The formation of PruC- 
fian blue is a cafe of double cledive attraflioii ; 
pruffiat of potafh and fulphat of iron being mixed 
together, and the Pruffic acid uniting with the 
oxyd of iron. An excefs of oxyd of iron is thrown 
down, which gives a green colour to the precipi- 
tate ; this is diflblved by wafhing it with di- 
luted muriatic acid. The alum which is added in 
the preparation is like wife decompofed, and affords 
argillaceous earth. This mixes with the precipi- 
tate, increafes itis quantity, and by giving it a de- 
gree of confidence, renders it even more conveni- 
ent for ufc. 

• • V _ _ • 

I 

ZooNie 
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TLooNlcAcio, lately aifcovered by Berthd^ 
let, exifts combined with ammonia in the fluid ob- 
tained from animal fubftances by defthiftive diC 
tillation. From this combination it may be ob- 
tained "by adding lime, which attrad^ the t^obnic 
acid ; and decompofing the xoonat of lime, by 
heating it with phofphoric acid, the zoonic acid 
diftilling over.' It has like wife been obtained from 
the gluten of wheat, and from the yeaft produced 
in the fermentation of beer; 



M ' 



This acid has a peculiar fmell, and a ftyptic 
tafte;'it reddens the vegetable colours, and excites 
efiervefeence with the alkaline carbonats. Its falts 
We not cryftalli?able. 



- Op the deconipofitions of anitnd matter' by 
chemical agents, the principal are that by the fix- 
ed alkalis, and that by th^ nitric acid. The for- 
ihcr generally idiflolvc ainimal matter, and at^ the 
fame time caufe part of their hydrogen to com- 
bine to form ammonia. While a portion of carbon 
feems likewife to be precipitated. Nitric acid 
caufes a difengagement of azot from animal fub- 

* 

fiances, and brings their remaining icarbon, hydro- 

gen, 
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gen, and oxygen, to combine fo as to form oxalic 
and malic acids : fom times alfo it fonns Pruific 
acid* The largeft quantity of aaot is difengaged 
hy it from fibrin, the next from albumen, and the 
lead from gelatin. 



The fpontaneous changes tvhich animal mat- 

r 

ter undergoes from the re-ai^ion rf its elements, 
are various, according to the circumftances und^r 
which it is placed. 

. If it be completely excluded from air«nd moif* 
tiire, it decays with extreme flownefs ; it is finally 
changed, however, fo that nothing remains bnt^Q 
earthy-like fubftance.. 

If thofe animal ful^flances which are. not fo- 
luble in Water, thofe, for inftance, which confifl: 
principally of fibrin, as the mufcular fibre or flefb, 
be kept immcrfed in water, the foluWe parts are 
removed ; and the fibrin is changed into a fatty 
matter,' fimilar to fpermaceti. A fi^ilar change 
is produced by the agency of very diluted; nitric 
acid on the mufcular fibre. In either ic^fe tte 
. azot and jdiofphorus feem to be difengaged, prq- 

bably 



babl3r in comlxnatibfi with hydrogen ; While, ana* 
ther portion of the hydrogen, with perhaps a^quatw 
tity of oxygen, remain combined with thexarbon^ 
and form the fat. 

Wh^n atmofpheric air is not entirely exchided, 
and when moifture, with a certain degree of beat, 
is prefent, the procefs termed Putrefadion com-' 
mences. The elements of the animal matter en- 
terinto new combinations^ which generally pafs 
off ia the gafeous form ; and an isccmfiderable 
quantity of earthy matter remains when the pro* 
cefs is finifhed* The precife nature of thefe C(mi- 
bination^ has not, frpm the extreme offenfiveneis 
of the procefs, been accurately pbferved; and they 
probably vary according to the nature of die ani- 
mal matter, and the circumilances under which it 
is decompofed. Ammonia formed by the union 
of the azot and hydrogen of the animal matter, is' 
always difengaged in confiderable quantity. Phof- 
phorated hydrogen is lilcewife produced, as this 
gas, even when obtained pure, has the odour ex- 
clufively termed putrid, and as putrefa(^ion has 
been often obferved to be accompanied with the 
extrication of a luminous gas. Sulphurated hy- 
drogen forms another part of the vapours difen- 
gaged 
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gaged £rdm putrefying fubftances, as thefe tapodtisf 
have in fozne degree its fmell« and blacken the 
metals,— *a peculiar property of this gas. Carbon 
nated hydrogen and carbonic acid are likewife ie« 
. parated. And laftly ; It is probable that not on- 
ly thefe binary combinations, but compound gafes 
confiding of three or more of thefe elements with 
Qxygen, are formed and difcharged/ 

As thb procefs muft neceilarily be carried oh at 
the furfacft of the earth, its produds arc diffufed 

through the atmofphere, diflblved by water, and 
abforbed' by the foil. They furnilh the principal 
nutritious matter fer the fupjx^rt of veget^bks^ 
and are again prepared for the noujriihment 6f 
aDimals. 



finis: 



Printed at Edfaibiitgli, by % 
T.MaccUediuulCo. J 



''f . ■ im^" -^p^^p^- 



/ i'*' 



■> ■ 1 



INDEX. 



Acids * - i. 
Vegetabk ii. 

Acid, Acetic ii. 

Acetous ii« %6j 
Arfenical ii 

Benzoic ii 

Boracic - i 

Camphoric ii 
Carbonic i 

Citric ii 

Chromic ii 

Fluoric i 

Qallic ii 

La£tic ii 

Lithic ii 

Malic ii 

Molybdic ii 

Muriatic i 

Muriatic Oxyge- 
nated i 
Nitric i 
Nitro-muriatic i 
Nitrous i 
Oxalic 
Phofphoric 
Phofphorous 
, Pruffic 
Pyro-Ligneous, ii 
Pyro-Mucous ii 
Pyro-Tartarous ii 
Saccho-LaAic ii 
Suberic ii 
Succinic ii 
Sulphuric i 
Sulphureous i 
Tartarous ii 

Aftynolite ii 

Agate - ii 



u 
1 

•• 
11 



260 
296 

206 

III 

266 

330 
273 

261 

122 
268 

349 
262 

IIS 

317 

250 
3^1 

262 

304 
306 

270 
270 
270 

343 
270 

ib. 

284 

290 

264 

164 

139 



Aggregation. i 

Airs - ' - i 

Albameiv— Vegetable i 
Animal ii 

Alloys - ii 

Alkalis, i 

Alkohol ^ ii 

Alumine it 

Amber ii 

Amianthus ii 

Ammonia i 

Alum * ii 

Analyfis - - i 

Animal Heat ii 

Animal Subftances ii 

Antimony ii 

Apparatus 

Apatite 

Ar^l * 

Aroma 

Arfenic 

Atmofpheric Air 

Asbeftos 

Afphaltum - ^ 

Attraction of Aggre- 
gation, i 
of Combination i 
Chemical^ hws 
of i 

Auguftine ii 

Aurum mufivum ii 

Azot - - i 

Azotic Gas 

Balsams 

Barytes 

Bafaltes 

Bath, Sand & Water i 

Bile A ^ ii 



11 

• • 
11 
• « 
11 

• • 

11 

1 

•• 
u 
•• 
11 



11 

• • 

11 

• • 
11 



3^ 
92 

240 
3^7 

^•3 

282 

144 

304 
163 

214 
14? 

13 

33t 

304 

92 
126 

172 
144 

'277 
108 
202 
163 
301 

3^ 
3^ 

33 

74 
198 

ib. 
256 
181 

22 
34J 



/ 


INDEX. 






Biliary C84culi ii 


347 


Colouring matter of 






Bifmuth ii 


89 


the' blood 


11 


^20 


Bitumens - ii 


300 


Combination 


• 
1 


3f 


Bleaching it 


322 


Combuftion 


• 
1 


323 


Blood - ii 


315 


Conftituent particles 


1 


33 


Blo^vpipe i 


23 


Copper 


• • 
11 


49 


Bone ii 


337 


Corundum 


• • 

11 


28p 


Boracite r ii 


165 


Crailamentum 


• • 

11 


320 


Borats - i 


33^ 


Crucibles 


1 


'9 


Borax - i 


332 


CryAallization 


a 
1 


28 


Brafs - ii 


88 


Cupellation " 


• • 
11 


223 


Calorimeter i 

> 


»34 


Cyanite 


• • 
11 


*54 


Calcareous Spar ii 


174 


Deflagration 


1 


235 


Caloric, Definition,iEfiefts, 


Detonation 


• 
1 


238 


Nature, and Nomencla- 


Diamond 


• 
1 


269 


ture of i 68.. 


..129 


Digeftion 


• • 
11 


3o(J 


Calx, Calcination ii- 


5 


Diftiilation 


1 


^S 


Camphor - i 


251 


Dyeing • 


• • 

11 


27s 


Carbon - i 


267 


' Earths 


• * 
11 


125 


Carbonat of Potafb, So- 


« 


Elaftic Gum 


• « 
11 


258 


da and Ammonia, i 


Z]6 


Ele£tric Fluid 


1 


iSo 


Carbonated Hydrogpn i 


28Q 


Ethers 


• • 

11 


286 


Cartilage ii 


3^^ 


Eudiometry 


1 


268 


Caoutchouc ii 


258 


Eudiometer of Mgfv 


eau 


298 


Chalcedony ii 


^37 


ol BerthoUet 


302 


Chalk ii 


177 


Evaporation 


• 

1 


* 24 


Ciiarcoal i 


271 


Spontaneous i 211 


Chemiftry, definition 


' 


Expanfion 


1 


«3 


of i 


I 


Extraft 


•• 
11 


257 


Applications of 


7 


Fat 


H 


338 


Arrangements of lo 


Fecula 


11 


234 


Checfc - • ii 


34' 


Felfpar 


• • 

11 


T40 


Chlorite - ii 


161 


Fermentation 


11 


279 


Chrome - ii 


122 


Vinous 




280 


Chyle ii 


308 


Acetou« 




294 


Cinnabar ii 


37 


Putrcfaftive 


299 


Native ii 


54 


Fibrin- • - , 


•• 

a 


321 


I Clays - ii 


15' 


Filtration 


* 
1 


24 


i Coal - ii 


302 


Flint 


11 


J3« 


Incombuftible i . 


271 


Fluidity 


• 
1 


^6 j 


Cobalt ii 


100 


Fluats 


• 

1 


330 
171 


Colouring matter of 




Fluor Spar 


• • 

U 


\ ' \egetables ii 


^74 


« 




1 

r 

t 



